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Introduction and outline of this thesis
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10 
Medical education and medical skills training are changing as a result of the development and 
introduction of new technologies, methods and educational approaches. With this thesis we aim to 
improve laparoscopic skills training by researching the application of serious gaming, 
individualization, adaptive training and structured assessment to this training. 
 
Serious gaming as a modality for laparoscopic skills training 
The use of computer technology for medical education and skills training is increasing with modalities 
such as e-learning applications, mobile learning, gamification and game-based learning. In contrast to 
traditional methods of education, these modalities can collect real-time data, which can be used to 
make learning and training interactive, adaptive, and coupled with objective, real-time feedback 1. 
The attention for the potential of computer games for the acquisition of knowledge and/or skills 
emerged from optimism about the motivational features of entertainment games. It is thought that 
these motivational factors could be implemented in games with an educational purpose, engaging 
players in gameplay to help them acquire the desired knowledge or skills. The so called serious game 
is defined as ‘an interactive computer application, with or without a significant hardware component, 
that has a challenging goal, is fun to play with, incorporates some concept of scoring, and imparts in 
the user a skill, knowledge or attitude which can be applied in the real world’ 2. It incorporates a 
feedback mechanism and it can be designed with a range of levels of difficulty. Trial and error in 
serious games has no fatal consequences, and they can be used to build up a wide range of skills, 
such as psychomotor skills and team skills 3. This makes serious gaming a promising tool for 
laparoscopic skills training. Serious gaming for psychomotor skills training has been demonstrated to 
be successful in several other fields, including rehabilitation and aviation 4-7. In these games, 
movements necessary to engage in gameplay are modeled on relevant motor tasks as they occur in 
reality, in order to impart the requisite motor skills. Thus, psychomotor skills training in relation to 
laparoscopy through serious gaming may be effective as is shown for other technology-assisted 
training modalities 8-11. As laparoscopy is complex and requires extensive training before one 
becomes competent, serious gaming may be an important addition to the current arsenal of training 
modalities. 
Laparoscopy comes with several challenges, including a two-dimensional field of view with a loss of 
depth perception, impaired vision caused by factors such as irrigation or intra-abdominal smoke, 
impaired hand-eye coordination, limited haptic feedback, and a limited working area. This all adds to 
the technical complexity of laparoscopic surgery 12-14. Due to its technical complexity, extensive 
(simulation) training is necessary to reach competency prior to performing laparoscopic surgery in 
the operating room 15. In contrast, residents find it hard to commit to structural laparoscopic skills 
training 16, 17. This is aggravated by training not being mandatory, reduced workweek hours as a result 




of increased regulations, clinical responsibilities, and a training facility that is often located relatively 
far from the regular workspace 18-21. Consequently, most trainees only practice a few times on the 
available simulators and traverse most of their learning curve by practicing on patients after fulfilling 
a basic laparoscopy course 21, 22. Resident commitment to sustainable, high-volume training is 
affected by intrinsic and/or extrinsic factors 17. Intrinsic (motivational) factors include perceived 
utility and whether or not the training activities are perceived as fun. Extrinsic factors include 
workweek restrictions, remote simulator locations, and the amount of mandatory training courses 
residents have to complete.  
Serious gaming has been proposed as a way to break the impasse in laparoscopic simulation training 
23, 24. In this line of reasoning, serious gaming would mitigate drawbacks related to intrinsic factors, as 
learning occurs through gameplay that engages learners in challenges that adapt to their growing in-
game skills in a non-repetitive manner 25, 26. Serious gaming could mitigate extrinsic factors as well, 
for instance by lowering the barrier to training by facilitating training outside the skillslab on generic, 
widely disseminated digital platforms. Travel time to the skillslab is avoided, and the game can be 
played at short pauses during the workday or in an informal setting. Another benefit compared to 
current laparoscopic simulators include the provision of a “stealth mode” of training because the 
education goals are cloaked by the entertainment factor (i.e. the trainee is too busy having fun to 
notice improvement on key educational outcomes) 23, 27, 28. The novel educational approach of serious 
gaming is well positioned to mitigate the various factors that are thought to limit the utilization of 
laparoscopic simulators. So far, however, little is known as to its potential for laparoscopic skills 
training. Underground is a serious game specifically made for laparoscopic skills training, though it 
has not completed all validation steps 29. If effective, Underground could contribute to laparoscopic 
skills development by increasing training volume in the guise of a leisure activity. 
 
Individualized laparoscopic skills training 
Technology for medical education and skills training have improved the way students and residents 
gain knowledge and skills. The use of laparoscopic simulators has been proven effective for the 
acquisition of laparoscopic skills in terms of hand-eye coordination, depth perception, bimanual 
movements, precision and speed 8-11. A big concern from an educational perspective is its lack of 
recognition of a learners’ need 30. It is well recognized that trainees have different levels of 
understanding and have subsequent gaps in their ability to acquire (laparoscopic) skills 30, 31. Whilst 
some may achieve competency relatively quickly, there has been considerable interest among 
trainers in identifying individuals who struggle to acquire the required skills by the end of their 
training course 32. These differences between individuals are thought to be caused by factors such as 
intelligence, visual-spatial perception, psychomotor aptitude and personality traits 32. The lack of 
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individually structured simulation training may diminish trainee motivation and may cause trainee 
frustration 33. In training courses that include one on one training, trainers are able to recognize each 
individuals’ strengths and weaknesses and can enhance trainee performance by giving immediate 
feedback, whereas simulators provide feedback afterwards and without context. By ensuring that 
content is learner specific, a personalized learning environment can help individuals better meet 
their competency requirements. 
Adaptive training is an approach which aims to provide an individualized learning experience based 
on the strengths and weaknesses of individual learners, modifying content in accordance to the 
individual’ needs, based on individual differences such as prior experience, personality, and other 
factors 30, 31, 34. Doing so, it maximizes learning and keep the trainee’s interest level high 34. Many 
different forms of adaptive training have been described 35. In its simplest form it means adapting the 
difficulty of the exercise based on the performance of the apprentice. Other examples are adjusting 
task difficulty to individual differences such as personality or learning styles, or altering perceived 
difficulty levels by modifying performance standards 36. Advantages of this type of training are among 
others: a personalized learning experience, focused remediation of individual weaknesses in skilled 
performance, and its ability to give teachers a better insight in the students’ capabilities. Adaptive 
training has been proven effective in a variety of fields 37-41, including VR-based training and serious 
gaming 42, 43. However, little research on this topic has been conducted in the medical field, and so 
far, adaptive training has mainly been used to help individuals acquire medical knowledge rather 
than skills. Current (computer based) laparoscopic simulators record a large amount of performance 
parameters that could provide an opportunity to steer emphasis of a trainee towards a specific 
aspect of a task that need improvement. This method would better contextualize performance on an 
individual level and potentially increase trainee engagement. Besides its potential for current 
laparoscopic simulators, entertainment games are adaptive by design and strategies used with 
entertainment games would work well within serious games. This can be done by contextualizing the 
experience of the player based on his/her skills level. Furthermore, serious games can enhance 
learning by enabling the player to explore various situations within the game, and giving a sense of 
freedom compared to simulators which provide trainees with the same tasks that have to be 
repeated until the trainee reaches competency 3.  
As mentioned, some trainees achieve competency relatively quickly whilst others may fail to do so. If 
we are able to identify those trainees that may require additional training, we may better adapt the 
educational content to the learning profile of the individual. Similar to work in the fields of aviation 
and dentistry, researchers have tried to identify the ‘surgical personality’ 44-46. Some researchers 
went even further and used this concept for selection purposes by trying to identify personality trait 
characteristics of those who are and who are not able to acquire the laparoscopic skillset 47. The 




results were limited as laparoscopic skills training was based on practicing every task in a repetitive 
manner, without any specific training or feedback. Therefore, it cannot be assumed that subjects 
who were not able to reach competency cannot be trained. It would be better to identify personality 
traits that are related to one’s ability to acquire (laparoscopic) skills to identify those who may 
require extra training or who need to focus on specific aspects of training. For example, surgeons 
seem to be more extroverted compared to other medical specialties 48. In other fields such as traffic 
and aviation, extraversion is related to impulsiveness which was associated with faster reaction times 
but also with dangerous behavior 49-53. By identifying impulsive trainees and adapting the training 
approach based on the subject’ personality, the negative effects associated with impulsiveness could 
potentially be counteracted 54. Personality traits and their relation to surgical performance have so 
far received little attention from the educational research community. If effective, individualized 
training, for instance through adaptive training and/or training based on personality traits, may 
shorten residents’ learning curve 55-57. 
 
Structured assessment of laparoscopic skills training 
Assessment of laparoscopic skills is traditionally dependent on subjective evaluation by trainers since 
objective evaluation has not yet been established when training on non-computer-based simulators 
(videotrainers or animal models). This limitation is somewhat bypassed with virtual reality simulators 
in which motion tracking is used, a highly objective measurement tool. However, the quality of the 
overall task performance might not be assessed sufficiently, because the parameters used are often 
abstract and not translated to the actual performance of the procedure. Parameters such as ‘path 
length’ or ‘economy of motion’ and ‘time’ are used, which are not directly informative of the 
outcome of the task 58. These parameters might give an insight in the expertise level of the trainee, 
but they do not provide information on the accuracy of the task or the final product to indicate 
competency. To improve on both the subjective evaluation by trainers and hard-to-interpret 
simulator measurements, it has been suggested to use task-specific and global checklists for both 
formative assessment and self-assessment 59. A competency assessment tool (CAT) is a method to 
assess laparoscopic performance, by describing specific steps in the process of the specific task and 
evaluating both the process of performance (instrument use, tissue handling and committed errors) 
and the quality of the end product. This method has already been shown successful for training in 
laparoscopic colorectal surgery 60. With new training modalities on the rise, such as serious gaming, 
as well as with existing simulators, it is important to have informative assessment tools that can 
reliably appraise the skills needed for laparoscopic surgery to ensure qualitatively well-trained 
surgical residents, something that is currently missing. For example, when the videoclips of the 
subject’ performances are used (obtained from a serious game or a simulator), the CAT tool may 
Chapter 1
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better help assess the subject’ overall performance for a task as specific steps in the process of the 
task are scored as well as the quality of the end product, compared to current assessment tools that 
instead report mainly the scores on (non-informative) single parameters 61. 
 
Aims 
The first aim of this thesis is to investigate the potential of serious gaming as training modality for 
laparoscopic skills training. Therefore, we use the serious game Underground and establish face, 
construct and concurrent validity. Also, we attempt to find out to what extent residents 
spontaneously engage in gameplay. The second aim of this thesis is to evaluate the potential of 
individualized training through adaptive training and training based on personality traits for the 
acquisition of laparoscopic skills. Third, we aim to establish a structured assessment form for 
laparoscopic suturing of which the used method can be used to improve current assessments 
implemented in simulators and serious games. 
 
Thesis outline 
The aims of this thesis have been elaborated in validation, cohort, and observational studies.  
In Chapter 2 we assess concurrent validity for the serious game Underground by comparing an 
intervention group and a control group for performance on tasks performed on two simulators: the 
LapSim Virtual Reality (VR) trainer and the FLS videotrainer. We hypothesize that the intervention 
group outperforms the control group on time for all tasks on the LapSim VR trainer but not on the 
FLS videotrainer. Additionally, we discuss sources of transferable skills to explain our findings. 
To further research the potential of Underground, the assessment of construct validity is described in 
Chapter 3. We compare the performances of medical students, surgical house officers, surgical 
residents, and laparoscopic surgeons divided into three experience groups based on their self-
reported laparoscopic experience. Time and errors for two levels of Underground is compared 
between groups, controlling for gender and video game experience. 
As the concept of serious gaming should engage its users in gameplay, we set out to explore whether 
residents would use the serious game to train laparoscopic skills compared to traditional simulators, 
which is addressed in Chapter 4. We install Underground on residents’ offices of the Department of 
Surgery, Department of Urology, and the Department of Obstetrics and Gynecology. We compare 
time spent on training by residents among four modalities: serious game training, voluntary 
simulator training, mandatory simulator training, and training in the operating room (laparoscopic 
procedures). Also, our obtained face validity data is briefly discussed within this chapter. 
To date little research has been conducted to assess whether individualization in laparoscopic 
simulator training is effective. In Chapter 5, we assess how performance feedback, based on peer-




based or expert-based learning curves, affect laparoscopic skills development. We compare these 
two groups with a control group. Performance on time and errors is assessed on tasks on the FLS 
video trainer. 
Next, we hypothesize that personality traits and surgical performance may be related to each other. 
As is shown in similar high-risk/high-skills fields, we conduct a study, described in Chapter 6, on 
impulsivity in relation to laparoscopic simulator performance as more hazardous behavior has been 
seen in more impulsive professionals. Performance on speed and damage control for tasks on the 
LapSim VR trainer, is compared between a group of low-impulsive subjects and high-impulsive 
subjects. 
Impulsivity and its relation to performance is further explored in Chapter 7 by steering emphasis on 
either damage control or speed through specified feedback of the LapSim VR simulator with only 
performance parameters related to the emphasized aspect of the task shown to the trainee. 
Assessment of laparoscopic skill acquisition is important to ensure qualitatively well-trained surgical 
residents. Most parameters used in simulator training are objective but not informative on the task 
performed. In Chapter 8, we describe how we develop a bespoke competency assessment tool for 
laparoscopic suturing through a structured, mixed methodology approach, overseen by a steering 
committee. The performances of subjects with different levels of laparoscopic expertise are used to 
evaluate the tool as two blinded expert surgeons uses the tool to score each performance. We assess 
its inter-observer reliability and we compare subjects’ performances at the beginning and end of 
their learning curve. 
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Saving robots improves laparoscopic 
performance: transfer of skills from 
a serious game to a virtual 
reality simulator
Wouter M. IJgosse, Harry van Goor, Jan-Maarten Luursema






Residents find it hard to commit to structural laparoscopic skills training. Serious gaming has been 
proposed as a solution on the premise that it is effective and more motivating than traditional 
simulation. We establish construct validity for the laparoscopic serious game Underground by 




A four-session laparoscopic basic skills course is part of the medical master students surgical 
internship at the Radboud University Medical Centre. Four cohorts, representing 107 participants, 
were assigned to either the Underground group or the control group. The control group trained on 
the FLS video trainer and the LapSim virtual reality simulator for four sessions. The Underground 
group played Underground for three sessions followed by a transfer session on the FLS video trainer 
and the LapSim. To assess the effect of engaging in serious gameplay on performance on two 
validated laparoscopic simulators, initial performance on the FLS video trainer and the LapSim was 
compared between the control group (first session) and the Underground group (fourth session). 
 
Results 
We chose task duration as a proxy for laparoscopic performance. The Underground group 
outperformed the control group on all three LapSim tasks: Camera navigation F(1) = 12.71, p < .01; 
Instrument navigation F(1) = 8.04, p < .01; and Coordination F(1) = 6.36, p = .01. There was no 
significant effect of playing Underground for performance on the FLS video trainer Peg transfer task, 
F(1) = 0.28, p = .60. 
 
Conclusions 
We demonstrated skills transfer between a serious game and validated laparoscopic simulator 
technology. Serious gaming may become a valuable, cost-effective addition to the skillslab, if transfer 
to the operating room can be established. Additionally, we discuss sources of transferable skills to 
help explain our and previous findings. 






Newly immersed in a busy and often unpredictable clinical environment, residents find it hard to 
commit to structural laparoscopic skills training in our simulation facilities 1. This is aggravated by a 
lack of official standards for certification 2, reduced workweek hours as a result of increased 
regulations 3, 4, and limited evidence of transfer to the operating room 5. Serious gaming has been 
proposed as a way to improve this situation, reasoning that residents like computer games so much 
that they will spontaneously start practising when offered a serious game designed to improve 
laparoscopic skills 6, and that playing a laparoscopic serious game will help residents develop relevant 
clinical skills 7. We present evidence for transfer of laparoscopic skills from a serious game to a well-
validated virtual reality simulator, establishing construct validity for this game.  
 
Serious gaming refers to the application or adaptation of computer games for non-recreational 
purposes, such as learning, training, or therapy 8. Serious games are thought to be more engaging to 
the learner than traditional digital learning environments, and to offer 'stealth learning' 9, 10, i.e. the 
trainee is too busy having fun to notice improvement on key educational outcomes 7, 11. Quantified, 
meaningful performance feedback and a digital environment that adapts to the skills level of the 
player are important elements of this approach 2, 12, 13. In a recent review, Maurice Graafland and his 
colleagues found some indication for transfer from serious gaming to surgical skills14 but overall 
evidence for the transfer of skilled performance between these modalities is lacking. Going beyond 
these earlier efforts, a serious game with the explicit goal to help players develop laparoscopic basic 
skills was developed at the University Medical Centre of Groningen in collaboration with Grendel 
Games (the game Underground 15). In this game, the player has to nudge robots back to the surface 
from a complex, underground system of mine shafts, using probes that are similar to laparoscopic 
instruments (Fig. 2).  
 
We have found one study that reports construct validity for the Underground game 16. In this study, 
Underground performance is compared between a laparoscopic expert group and an internist group. 
Laparoscopic experts outperformed internists, which the authors assume is caused by their 
professional laparoscopic experience, thus establishing construct validity. Jalink et al. also report a 
positive correlation between Underground performance and performance on the FLS video trainer 
Peg Transfer task, which they suggest provides evidence for transfer from skills learned playing 
Underground to the FLS Peg Transfer task. The FLS Peg Transfer task is a well-validated method to 




There are however a number of issues with their study. First, laparoscopic experts and internists may 
differ in more respects than laparoscopic experience alone. Surgeons have been shown to 
outperform matched controls on tests for visuospatial ability 21, so an alternative explanation for 
Jalink et al.'s findings may be that their laparoscopic experts simply are better equipped with 
relevant innate abilities to deal with novel psychomotor tasks. Second, the study only assessed 
performance on Underground and Peg Transfer, whereas a broad range of validated basic skills 
laparoscopic training tasks is available to more extensively contextualize Underground performance.  
 
To investigate the relation between serious gaming and laparoscopic skills development, we 
compared a gaming group with a control group for performance on two validated laparoscopic basic 
skills simulators: the FLS video trainer 19 and the LapSim virtual reality simulator 22-24. Given the 
positive face validity and limited construct validity found for Underground serious game by the 
earlier study of Jalink et al. 16 we expected the Underground group to develop transferable 
psychomotor skills supporting laparoscopic performance, and thus outperform the control group on 
validated laparoscopic simulators. Additionally, we discuss sources of transferable skills to help 
understand our own and previous findings.  
 
MATERIALS AND METHODS 
 
Study design 
To research the potential of serious gaming for laparoscopic skills development, we compared 
laparoscopic simulator performance for two groups. Data for both groups were collected during a 
four-session basic skills laparoscopic simulator training course. The control group trained on the FLS 
video trainer and the LapSim virtual reality simulator for all four sessions; the Underground group 
trained on the Underground game for three sessions. The fourth session of the Underground group 
was a transfer session on the FLS video trainer and the LapSim. To assess the effect of playing 
Underground on laparoscopic simulator performance, initial performance on the FLS video trainer 
and the LapSim was compared between the control group (first session) and the Underground group 
(fourth session). All groups were aware of participating in a study, however since each group 
consisted of two cohorts, students had no knowledge of the experimental conditions of other 
cohorts, negating a potential Hawthorne effect.    
 
Participants 
Between September and December 2015, 107 master students of Medicine (representing 91 % of 
four cohorts) voluntarily enrolled in a laparoscopic basic skills simulation training course as part of 




their surgical rotation. The September and October cohorts (n = 53; 33 female, 20 male) formed the 
control group; the November and December cohorts (n = 54; 39 female, 15 male) formed the 
Underground group. In the Dutch system, each month a new group of students of Medicine start the 
rotations that form the bulk of the master track of Medicine. Consequently, there are no structural 
differences between the cohorts of our study in terms of knowledge or skills at the start of the basic 
skills laparoscopy course. All participants voluntarily signed an informed consent form, allowing us to 
scientifically analyse and publish their anonymized performance data. No formal ethics review was 
sought as this is not required for this type of study under Dutch law. 
 
Training course design 
For both groups, the laparoscopic basic skills course consisted of four, 1-h training sessions which 
needed to be completed within 1 month. Participants were required to schedule their sessions on 
different days in order to maintain a distributed practice schedule, which maximizes learning 25-27. 
Students were asked to train in groups of three due to the limited capacity of our skills training 
facility. During the first training session, staff was present to explain the course setup and the use of 
the training technology. The other sessions were completed without supervision, except session four 
for the Underground group, which included an introduction to the training technology of that 
session. 
Informed consent and demographic information (including previous gaming and laparoscopic 
experience) were collected during the first training session. We considered a participant to be a 
gamer if they reported spending an hour or more per week during a period of a year or more on 
playing computer games. We did not ask participants to differentiate between different types of 
games.   
 
Underground training session 
During an Underground training session, participants were tasked with freeing robots stuck in an 
underground mining complex and guiding them to the surface. Multiple obstacles needed to be 
cleared by drilling, heating, and more complicated movements with two in-game rigid robotic arms. 
The gameplay of Underground consists of a mixture of action and puzzles in an adventure game 
environment while the required physical actions are based on movements made during laparoscopic 
surgery 28. Performance variables for this task were total playtime and reached level. These variables 
were automatically recorded by the Wii U. Students were informed that they had three 1-h sessions 
to play the game. The variable ‘total playtime’ reflects the amount of time the trainee took 
advantage of the available hours. No extra sessions could be scheduled. 
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Three copies of the game were available, so students did not have to rotate along different stations 
as they did during the simulator training sessions described below. Each student would continue 
training with their own personal login on the same Underground station throughout all three 
Underground sessions, to allow students to continue where they had left off during the previous 
session. 
 
Simulator training session 
During a simulator training session, participants rotated along three training stations, so that by the 
end of a session each student would have trained at every station (Fig. 1).  
 
Station 1 was a support station for station 2. Students at station 1 monitored the performance of 
their colleague at station 2, and recorded the resulting data in an in-house developed application for 
generating individual learning curves. The resulting multi-session learning curves were contextualized 
by expert performance and mean peer-group performance on the same tasks to help the training 
student reflect on their performance. 
 
At station 2 subjects performed three different tasks on a FLS video trainer. These tasks were: 
Laparoscopic Labyrinth, Peg Transfer, and Precision Cutting. During Laparoscopic Labyrinth, the 
participant has to trace a labyrinth with a felt marker attached to a customized laparoscopic grasper. 
We developed this task to help the trainee anticipate the amplification of movements due to the 
fulcrum effect. Peg Transfer and Precision Cutting are official FLS video trainer tasks and are fully 
described here: http://www.flsprogram.org/wp-content/uploads/2014/03/Revised-Manual-Skills-
Guidelines-February-2014.pdf. Quantitative performance measures were collected by the participant 
at station 1 and consisted of total duration for each task, and error measures.  
At station 3, the subject performed two different courses on the LapSim virtual reality trainer, each 
course consisting of the same three tasks. During the first course, participants were instructed to 
focus on damage control and during the second course on speed. This was reflected in the 
performance variables made available to the participants after finishing each task, with an emphasis 
on either error or duration measures. The tasks in each course were as follows: camera navigation, 
instrument navigation and coordination 29. All tasks were located in a virtual, generalized abdomen 
without specific anatomical landmarks. Simple tasks had to be performed such as zooming in with 
the virtual laparoscope on a small stone-like target object, or touching such a target object 
alternately with left- and right-hand virtual laparoscopic probes.  All tasks were selected to train 
generic psychomotor camera and instrument handling basic skills. Performance data were 
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Station one consisted of an Asus laptop running Windows 7, a König USB 2.0-analogue audio/video 
converter to mirror the screen from station two, an in-house developed software application to 
record performance and provide the participant feedback in the form of contextualized learning 
curves, and a stopwatch. The software application was developed in Microsoft Excel. The mirrored 
screen was captured for data evaluation with the freely available ISpy package 30.
Station two consisted of the FLS video trainer system 31, 32, a 17inch video monitor and all materials 
needed to complete the tasks for this station.
Station three consisted of Surgical Science’s LapSim virtual reality training system (v.3.0), with a 
laparoscopic interface consisting of Simball hardware (G-coder Systems, Västra Frölunda, Sweden) 
and LapSim v.3.0 training software (surgical Science, Göteborg, Sweden).
Figure 1. Training stations for the simulator training sessions. To the left the observation station (1), 
to the right the FLS video trainer station (2), and in the middle the LapSim virtual reality station (3).
Wii U setup
Each station consisted of a Nintendo Wii U with remote controllers and a LG 21” HD LCD screen. The 








Duration was used as performance variable for all six simulator tasks. The LapSim virtual reality 
simulator automatically records duration, for the FLS video trainer tasks duration was manually 
scored from screen video captures. For the FLS video trainer, only the Peg Transfer task was 
analysed. The Laparoscopic Labyrinth task is not an official FLS video trainer task and has not yet 
been formally validated. The FLS video trainer Precision Cutting task was used as a buffer task to 
allow students to switch simultaneously between stations, and so was often not completed by the 
participants. Duration data for the three LapSim tasks were analysed separately for each task. Error 
scores overall were too low for meaningful statistical analysis.
Underground game
Two variables were measured for the Underground game, total playtime and reached level. Total 
playtime is the total sum of playtime for each session. Reached level correlated strongly with 
playtime. Since reached level is a nominal variable (with little variation) and playtime has ratio data, 
we analysed playtime but not reached level to have more power. 
Data analysis
Normality for all included dependent variables was confirmed by the Shapiro-Wilk test, allowing for 
parametric statistical testing. We performed ANOVAs to assess the impact of previous gaming 
experience on simulator performance in this study. ANOVAs were also used to assess the impact of 




playing Underground on simulator performance. To this end, duration scores of the first session of 
the control group were compared to the fourth session of the Underground group. Effect sizes for 
these analyses are reported as Cohen’s d. To verify and elaborate on the results of Jalink et al. 16 we 
used Pearson’s product-moment correlation to assess the relation between Underground playtime 
and the simulators duration scores. Statistical analysis was performed with IBM’s SPSS statistics v.23 





Data were excluded for 19 participants who were unable to complete the course due to scheduling 
conflicts, and for three additional participants for whom data could not be collected due to technical 
issues. Data for the remaining 85 students were included, in a baseline group of n=50 and an 
Underground group of n=35. Demographic data were missing for 33 subjects who did not fill out the 
digital form. Available demographic data are shown in Table 1. Testing this incomplete dataset, we 
found no significant demographic differences between the Underground group and the baseline 
group. Since both groups are drawn from a homogenous population we consider it unlikely the 
availability of complete demographics would change this outcome. Previous gaming experience did 
not impact simulator performance. Only two participants reported previous laparoscopic experience 
(one in each group). For both participants, this consisted of a single experience (one had assisted in 
the operating room, the other had trained on a simulator). 
 
Table 1. Demographic data 
 Baseline group (n=50)* Underground group (n=35)*  
Male 17 11 
Mean age [age range] in years 23 [22-27] 23 [20-32] 
Right hand dominance 22 23 
Self-reported game experience 7  8  
Laparoscopic experience 1 1 
*For the baseline group, data was available for 25 out of 50 participants. For the Underground 






Simulator performance Underground group versus baseline group
Summative mean playtime over all three sessions for the laparoscopy game Underground was 156 
minutes, with a standard deviation of 19 minutes. There was no difference in FLS video trainer 
performance between the control group and the gaming group (F(1) = 0.28, p =.60, cohen’s d = 0.14), 
but the Underground group outperformed the control group on all LapSim tasks (Fig. 3). For Camera 
navigation this amounted to F(1) = 12.71, p < .01, cohen’s d = 0.85; Instrument navigation F(1) = 8.04, 
p < .01, cohen’s d = 0.70; and Coordination F(1) = 6.36, p = .01, cohen’s d = 0.61. On average, 156 
minutes of gaming led to a 21% performance increase in speed on the LapSim virtual reality 
simulator.
Figure 3. Simulator task performance (means and standard deviations in seconds) for the control-
and Underground groups. The control group is represented by circles, the Underground group by 
diamonds. Significant differences between groups are indicated by an asterisk.
Concurrent validation/correlation
Although we found no difference between groups for FLS video trainer performance, we did find a
significant correlation within the Underground group for Underground playtime and Peg Transfer 
duration (r = -.51, p < .01). We found no significant correlation between Underground playtime and 
duration for any of the LapSim tasks.
DISCUSSION
We found transfer of skills from the serious game Underground to the LapSim virtual reality 
simulator, but not the FLS video trainer, supporting construct validity for the Underground game.   




Underground and the FLS video trainer 
Confirming the findings of Jalink et al. 16, we found a significant correlation between Underground 
gameplay duration and performance on the FLS video trainer Peg Transfer task within the 
Underground group. However, between groups, we did not find a benefit for playing Underground 
on Peg Transfer performance, arguing against an explanation for Jalink et al.’s results in terms of 
transfer of skills. Likely, a motivational rather than a skills-related variable is responsible for this 
result i.e. people that like playing Underground are also more motivated to learn to perform well on 
the FLS video trainer. However, if the Underground group had been allowed more time gaming, 
there might have been transfer to the FLS video trainer Peg Transfer task as well.  
 
Transfer patterns 
Having established transfer of skill from the laparoscopic serious game Underground to the LapSim 
virtual reality simulator but not to the FLS video trainer, questions remain as to the potential of 
transfer of skills from Underground to the operating room. Transfer of skills to the operating room 
has been established for both the LapSim and the FLS video trainer 33, 34, and transfer of skills has also 
been established between the LapSim and the FLS video trainer 35. Additionally, professional 
operating room experience translates to better initial performance on both the LapSim and FLS video 
trainers 19, 36 (Table 2).  
In order for transfer of skills to occur, the settings between which there should be transfer need to 
have characteristics in common 37. What these characteristics are for the different modalities of 
laparoscopic training and operating room performance is currently not known, but a number of 
candidates have been posited: 
Similarity of movement and dimensional similarity 
Badurdeen et al. 38 hypothesize that games that require the player to move in three dimensions with 
a motion sensor controller are more useful than gameplay with a joystick or button-push controller. 
Additionally, games that require navigation in a virtual 3D environment should show more transfer to 
laparoscopy compared to 2D games 39-41. All settings explored in this study share these two similarity 
characteristics, yet we found no transfer between the FLS video trainer and Underground. Similarity 
of movement and dimensional similarity are not sufficient to explain the transfer we found. 
 
‘Realism’ 
According to Rosenberg and colleagues, highly realistic simulation of laparoscopy is the only way to 
gain laparoscopic aptitude 42. Our results and the results of other studies discussed here do not 
support this proposal, and notions such as realism, resemblance, or physical fidelity are currently 
being discouraged as theoretical tools 43. The notion of functional task alignment, as proposed by 
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Hamstra and his colleagues 44, provides a more sensible framework for work in this area. Functional 
task alignment proposes a shift from considerations of resemblance to a more analytic approach to 
simulation design. 
Along these lines, we would like to propose three potential sources of transfer that would help 
explain the transfer patterns reviewed in the first paragraph of this section (Table 2).  
 
Table 2. Transfer patterns between three simulation technologies and the operating room (OR) 
Transfer from \ to Underground FLS trainer LapSim OR 
Underground X No Yes ?? 
FLS trainer ?? X Yes Yes 
LapSim ?? Yes X Yes 
OR ?? Yes Yes X 
 
Digital mediation 
Both Underground and the LapSim present the player with a virtual environment, whereas the 
operating room and the FLS video trainer are not subject to digital mediation. Differences between 
virtual and actual physics, and also the presence or absence of haptic feedback may explain transfer 
between the FLS video trainer-operating room and LapSim-Underground pairs. 
 
Educational framework 
The educational setup of both the FLS video trainer and the LapSim is similar in terms of providing 
small and conceptually simple, repetitive exercises with an emphasis on quantified performance 
feedback (guided by expert performance levels). This sets the FLS video trainer and LapSim apart 
from both Underground and the operating room, which follow a linear narrative with changing tasks 
and no detailed performance feedback. This explanation fits the transfer between the FLS video 




The operating room, Underground, and the LapSim are set apart from the FLS video trainer by having 
integrated a degree of unpredictability in their tasks, which requires ad hoc decision making during 
performance. The different levels of situational awareness this implies may explain the lack of 
transfer between Underground and the FLS video trainer. 
 





Duration is an indirect performance variable, dependent on more informative variables such as 
efficiency of movement, errors and complications. Without such more direct variables, task duration 
cannot be fully interpreted 45. We were not able to collect movement or error variables, as 
Underground does not report such additional variables, and error measurements for both the FLS 
video trainer and the LapSim typically show a strong floor effect. Organizations designing simulators 
are advised to invest in making such additional variables available for trainees, and to design 
simulator tasks that facilitate training for damage control.  
We only researched the effect of one serious game on the development of laparoscopic skills. At the 
time of writing and to our best knowledge Underground is the only serious game that focuses on 
basic laparoscopic skills development. Previous studies that looked at the relation between gaming 
and laparoscopic skills development found conflicting results 14. However, since Underground is 
specially developed to resemble and facilitate the psychomotor components of laparoscopy, we feel 
a direct comparison of non-dedicated games with Underground would be of limited utility.  
The groups in our study were composed of cohorts who were aware of participating in a study but 
not of whether they were in the experimental group or the control group. This eliminates a potential 
Hawthorne effect (which would cause the experimental group to perform better because they know 
they are getting the special treatment). 
Lastly, dropout rates were fairly high. As our laparoscopic basic skills course at that time was not 
mandatory, and time available for extracurricular activities was limited, students were not always 
able to complete the full four sessions of our training course.  
 
Future research 
To provide a more solid foundation for the use of serious gaming to train surgical skills such as those 
needed for laparoscopy, transfer of skills between games such as Underground and the operating 
room needs to be established. Studies comparing Underground performance for novices and 
experienced laparoscopists would support this effort. Variables such as digital mediation, procedural 
differences based on educational implementation, and unpredictability may all impact transfer of 
skills and experimental studies exploring their role would help simulator and training course design. 
An important premise of the advocates of serious gaming that was not addressed in our current 
study is that gaming is intrinsically motivating for the current generation of students, which should 
lead to spontaneous training, thus alleviating scheduling concerns viz-a-viz simulator training. We are 







We demonstrated skills transfer from a serious game to validated laparoscopic simulator technology. 
Serious gaming may become a valuable, cost-effective addition to the skillslab, if transfer to the 
operating room can be established. To optimize transfer, more work is needed to understand the 
sources of transfer of laparoscopic skills.  
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Surgical residents underutilize opportunities for traditional laparoscopic simulation training. Serious 
gaming may increase residents’ motivation to practice laparoscopic skills. However, little is known 
about the effectiveness of serious gaming for laparoscopic skills training.  
 
Objective 




All study participants completed 2 levels of Underground. Performance for 2 novel variables (time 
and error) was compared between novices (n=54, prior experience <10 laparoscopic procedures), 
intermediates (n=26, prior experience 10-100 laparoscopic procedures), and experts (n=20, prior 
experience >100 laparoscopic procedures) using analysis of covariance. We corrected for gender and 
video game experience. 
 
Results 
Controlling for gender and video game experience, the effects of prior laparoscopic experience on 
the time variable differed significantly (F2,106=4.77, P<.01). Both experts and intermediates 
outperformed novices in terms of task completion speed; experts did not outperform intermediates. 
A similar trend was seen for the rate of gameplay errors. Both gender (F1,106=14.42, P <.001 in favor 
of men) and prior video game experience (F1, 106=5.20, P=.03 in favor of experienced gamers) 
modulated the time variable. 
 
Conclusions 
We established construct validity for the laparoscopic serious game Underground. Serious gaming 
may aid laparoscopic skills development. Previous gaming experience and gender also influenced 
Underground performance. The in-game performance metrics were not suitable for statistical 
evaluation. To unlock the full potential of serious gaming for training, a more formal approach to 
performance metric development is needed. 
  






Simulation has been proven to be effective for laparoscopic skills training1. However, due to 
scheduling constraints and motivational issues, simulation training opportunities for residents remain 
underutilized 2, 3. Consequently, the burden of the surgical learning curve continues to fall on the 
patient 4-6. Serious gaming can address these issues by providing a training modality that is fun, 
challenging, easy to implement, and inexpensive compared to current laparoscopic simulators 7. 
Serious gaming refers to the application or adaptation of computer games for non-recreational 
purposes, such as learning, training, or therapy8. This can lead to “stealth learning”9, where the 
trainee is enjoying the training so much that they fail fun to notice improvements in key education 
outcomes 10, 11. Due to these attributes, serious gaming is a good candidate to alleviate motivational 
issues. Serious games are also easy to implement in a home environment, which can address the 
issue of scheduling constraints at work.  
Serious gaming for psychomotor skills training is a new concept in surgery; however, it has been 
demonstrated to be successful in several other fields, including rehabilitation clinics and the aviation 
industry 12-15. In these games, movements necessary to engage in gameplay are modeled on relevant 
motor tasks as they occur in reality in order to impart the requisite motor skills. This approach was 
adopted for laparoscopic skills training by ten Cate Hoedemaker and Grendel Games16, who 
developed the serious game Underground for the Nintendo Wii U platform. In this game, medical 
content is replaced by a narrative that focuses on saving robots from a system of abandoned 
mineshafts. The psychomotor skills necessary to complete in-game tasks are closely modeled on 
laparoscopic movements, and are performed using gaming controllers that resemble laparoscopic 
hardware. If effective, serious gaming can contribute to laparoscopic skills development by increasing 
training volume in the guise of a leisure activity. 
In a previous study, we established concurrent validity by demonstrating skill transfer between 
Underground and the LapSim virtual reality trainer17, 18. Limited evidence of construct validity has 
been offered by Jalink et al 18, who compared the performance of laparoscopic experts and internists 
playing Underground. However, this study compared groups who may differ in their innate abilities 
to perform psychomotor tasks 19; also, it used a prototype of the game instead of the final product.  
To assess the potential of Underground as a surgical training tool, validity criteria must be met, 
including construct validity 20. Construct validity is the degree to which a test truly measures what it 
intends to measure; in this instance, it refers to the degree to which a serious game measures 
differences in the skills it is designed to evaluate. Therefore, the aim of this study was to establish 
construct validity for the laparoscopic serious game Underground. We compared the gaming 
performance of surgical novices, surgical house officers, surgical residents, and laparoscopic surgeons 
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based on their self-reported laparoscopic experience. We hypothesized that more real-world 





Study participants were selected from 4 different groups: fourth year medical students preparing for 
their surgical internships (surgical novices), surgical house officers, surgical residents, and staff 
laparoscopic surgeons from the departments of Colorectal and Hepatobiliary Surgery, Urology, and 
Gynecology. All participants were recruited at the Radboud University Medical Center, Nijmegen, the 
Netherlands. No IRB approval was needed for this study under Dutch law21. 
Performance data for the surgical novices were collected during a mandatory basic laparoscopic skills 
training course. The participants were informed about our study, and each participant voluntarily 
signed an informed consent form to allow us to use their anonymized performance data for research 
purposes. Participants were made aware that declining to sign this form did not impact their course 
participation or the assessment of their internship. Surgical house officers, surgical residents, and 
staff surgeons were recruited via emails, posters in the hospital, and in-person interactions. 
Participation was voluntary and did not result in compensation. All subjects were divided into 3 
groups based on their self-reported laparoscopic experience: novices, who had performed fewer 
than 10 laparoscopic procedures (typically surgical novices and surgical house officers), 
intermediates, who had performed between 10 and 100 laparoscopic procedures (typically surgical 
residents), and experts, who had performed more than 100 laparoscopic procedures (typically 
laparoscopic surgeons) 22.  
 
Study design 
An instructor was present throughout the session to observe the participants, provide instructions, 
and troubleshoot the game when necessary. After completing the informed consent form, the 
participants played the first 2 levels of the laparoscopic serious game Underground to familiarize 
themselves with the software and hardware of the system. Next, they played through the fourth and 
fifth levels of Underground while being timed and scored for error by the instructor. The fourth and 
fifth levels were selected as the basis of the assessment because of the more challenging nature of 
these levels, in which all basic laparoscopic skills were tested (eg., inverted movements, hand-eye 
coordination, depth perception, and ambidexterity). Participants subsequently completed a 
demographic questionnaire that included sections on prior laparoscopic experience and prior video 
game experience. Each complete session took an average of 30 minutes per individual.  
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Gaming sessions took place in a quiet working space located within the Department of Surgery 
(Figure 1). Fluorescent lights and sources of infrared light were turned off in the gaming area, as they 
are known to interfere with the Nintendo Wii-U system used in this study 23. 
Figure 1. Laparoscopic interface of the serious game Underground.
Apparatus
We utilized Underground Version 1.1 with a dedicated laparoscopic interface for this study (Grendel 
Games). The serious game was played on a Nintendo Wii U video gaming system connected to a 21” 
HD LCD screen (LG Corporation). The game instrument sensitivity was set at maximum 24, 25. 
Data preparation
Currently, Underground contains no formal embedded performance metrics relevant to laparoscopic 
skills training. Thus, in order to analyze game performance as it relates to surgical activities, we 
created 2 measured variables: time and error. Time was the measurement of how quickly the player 
was able to complete all game tasks; it was defined as the elapsed time between the start and finish 
of each level as measured with a stopwatch. The total play times for each level were summed to 
generate the final time measurement. Error was defined as the total sum of occurrences of 3 key 
player mistakes: orb drops, roadblocks, and robot deaths. 
Video game experience was measured by asking all participants to estimate their average number of 
weekly gaming hours across several age-bands (1-6 years, 7-12 years, 13-18 years, 19-25 years, 26-45 
years, and ≥46 years) 26. We then calculated each participant’s total prior lifetime gaming experience 
by multiplying the average number of gaming hours per week by the number of weeks in the 
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selected age-bands. Since the resulting total gaming hours variable was not normally distributed, we 
ranked these data to render them suitable for non-parametric statistical analyses. 
 
Data Analysis 
Sample size was calculated using α=.05, a power of .95, a large effect size of .40, and 3 groups 18, 27. 
This resulted in a desired total sample size of 102. Normality for the variable time was confirmed 
using the Shapiro-Wilk test, allowing for parametric testing. We performed analysis of covariance 
(ANCOVA) to assess the effects of laparoscopic experience on the “time” performance variable, 
controlling for prior video game experience and gender. After performing ANCOVA on all groups 
together, planned contrasts were used to assess differences in performance for paired groups 28. The 
incidence of error was not normally distributed for the novice or expert groups, as assessed by the 
Shapiro-Wilk test. We therefore used Mann-Whitney U tests to compare the number of errors 
between groups. Alpha was set at .05. Power analyses were conducted in G*Power version 3.1.9.2. 





A total of 120 participants were enrolled in this study. Data for 9 participants (2 surgical novices, 4 
surgical residents, 1 surgical house officer, and 2 laparoscopic surgeons) were excluded from the 
analyses because these participants were unable to complete the study due to hardware failure or 
urgent patient care activities. Data for 65 novice, 26 intermediate, and 20 expert participants were 
used. Gender proportions varied between experience groups (Table 1). Men had more video game 
experience than women in the novice group (t63=4.94, P<.001) and intermediate group (t24=3.00, 





















Age, mean (SD) 24 (3) 31 (2) 44 (6) 
Male gender, n (%) 20 (31) 16 (62) 17 (85) 
Right-hand dominance, n (%) 57 (87) 23 (89) 20 (100) 
Video game experience, mean (rank) 56 60 50 
Professional status (n, %) 
 Surgical novice 54 (83) N/Aa  N/A  
 Surgical house officer 11 (17) N/A  N/A  
 Surgical resident N/A 26 (100) N/A  
 Laparoscopic surgeon N/A N/A  20 (100) 
Department (n, %) 
 No department (surgical novice) 54 (83) N/A  N/A  
 Surgery 11 (17) 18 (69) 14 (70) 
 Urology N/A  3 (12) 2 (10)  
 Gynecology N/A  5 (19) 4 (20) 
aNot applicable 
 
Time Performance Variable  
After controlling for gender and prior video game experience by including them as covariates in 
ANCOVA, the participants’ game completion times differed significantly depending on their 
laparoscopic experience (F2,106=4.77, P=.01). Planned contrasts revealed that experts (mean 
difference –88 seconds, 95% CI –146 to –30], P=.002) and intermediates (mean difference –43 
seconds, 95% CI –92 to 5, P=.04) performed faster than novices. Experts did not outperform 
intermediates (mean difference –45 seconds, 95% CI –106 to –17, P=.08). The performance 
distribution of each group is shown in Figure 2.  
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Figure 2. Boxplots showing the performance distribution for time between groups. Assessment time 
is the sum of the time scores for levels 4 and 5 of the serious game Underground.
Performance for the time variable differed significantly depending on the participants’ gender 
(F1,106=14.42, P<.001). This effect was caused by men outperforming women in the novice group 
(t(63) –4.68, P<.001). No significant differences in performance for gender were found in the other 
groups. 
Video game experience was also significantly related to the time performance variable (F1,106=5.20, 
P=.03). A correlation between video game experience and game completion time was observed for 
both novices and intermediates but not for experts. The linear trend lines for the video game 
experience of each group are shown in Figure 3. 
We were not able to establish independence of the gender and prior video game experience 
variables.
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Figure 3. Linear trend lines showing the correlation between video game experience and the 
performance variable of time for each group.
The Error Performance Variable 
In all groups, the subjects made few errors, and data were only normally distributed within the 
intermediate group. The differences in error performance between the experience groups were
qualitatively similar to the differences in time performance but did not reach statistical significance. 
A floor effect and a limited range of errors were observed, ranging from 0-6 (Table 2).
Table 2. Numbers of participants who made 0, 1-3, and 4-6 errors in each group
Errors (n) Group, n (%)
Novice (n=65) Intermediate (n=26) Expert (n=20)
0 3 (5) 3 (12) 4 (20)
1-3 38 (58) 18 (69) 16 (80)






In this study, we demonstrated construct validity for the laparoscopic serious game Underground. 
The completion times for the investigated game levels differed between 2 pairs of the 3 paired 
groups; the novices were outperformed by both other groups, but there was no difference between 
the intermediates and experts. The lack of performance difference between the intermediate and 
expert groups is likely because Underground was developed to provide basic laparoscopic skills 
training, a skill level that is already mastered by intermediates and experts. In our previous studies, 
we established face validity, concurrent validity, and partial construct validity 16-18, we now 
additionally provide construct validity. Underground is a welcome addition to the existing 
laparoscopic simulation landscape. 
 
Measurement of the error variable was not sufficiently sensitive for a full statistical analysis. Since 
Underground was not developed with the intent to provide formal laparoscopic performance 
assessments, we created custom time and error variables as described in the Methods section. 
Although our results for the error variable did not demonstrate significance, we have included them 
here because there were trends toward differences in error performance between the experience 
groups; also, we feel it is important that surgical performance assessment include variables beyond 
the speed of task completion, as speed in itself is not informative of the quality of the performance 6, 
29.  
 
On its own, Underground has very limited built-in capabilities to measure performance. This lack of 
reliable performance metrics is one of its biggest limitations at present 20, 24. In the course of 
conducting our pilot study, it became clear that the game-supplied variables (number of robots saved 
and number of bonus items collected) did not discriminate between laparoscopic experience, as 
nearly all pilot study participants achieved the maximum score regardless of laparoscopic experience. 
Well-developed in-game performance metrics would improve the usefulness of Underground for 
basic laparoscopic skills training.   
 
Future developments in the area of serious gaming for laparoscopic skills development would benefit 
from a more formal approach to the development of in-game metrics. Delphi method-based rounds 
that include students, experts from the video game industry, content experts (eg., surgeons), and 
educational psychologists may help unlock the full potential of serious gaming by combining insights 
from each of these complementary professional groups. With regard to Underground specifically, 




continued support of its developers could overcome the current lack of informative parameters in 
the game by providing a game update via a patch, as is commonplace for contemporary video games. 
The low cost and small form factor of Underground facilitate its installation in non-skills lab settings 
such as residents’ homes or offices. This flexibility may increase residents’ training volumes. 
 
Given that Underground is a game-based educational tool, and given that gaming has increasingly 
become an integral part of residents’ and surgeons’ daily lives 30, we additionally assessed the effect 
of the subjects’ prior video game experience on their Underground gaming performance. A greater 
amount of prior gaming experience was found to be associated with faster performance in the novice 
and intermediate groups. These results are consistent with previous studies where video game 
experience has been shown to improve baseline performance on simulators 31, 32. Interestingly, prior 
video game experience did not result in better Underground performance within the expert group. 
This finding can be explained by a generational difference in the subject groups, since the novices 
and intermediates generally had more video game experience than the experts. Alternatively, it is 
possible that experts’ video game experience made a negligible contribution to their performance 
compared with the impact of their professional experience. The literature is divided as to whether 
video game experience positively impacts operating room performance, with some studies finding a 
positive effect and others finding no impact 30, 33-38.  
 
Adopting Underground in our training curricula corresponds well with the current interest in 
multimodality training, which in the context of surgical training refers to the use of different 
simulations to train specific surgical skills 39. Several studies have shown that junior residents 
particularly benefit from multimodality training for mastering basic laparoscopic skills 39-41. This 
training provides the trainee with a fresh perspective each time a new modality is used, which 
enhances their learning 39. It would be beneficial to residents to broaden this approach even further 
by including games such as Touch Surgery for training the procedural aspects of surgical procedures 
in addition to basic psychomotor skills 42-45. 
 
Limitations 
Our experience groups comprised different gender ratios, reflecting the increase in the number of 
women enrolling in medical school. As a result, our novice group had a greater proportion of female 
participants than the intermediate and expert groups. However, gender only impacted the results in 
the novice group. Since female participants in this group also showed a difference in gaming 
experience, we were not able to independently assess the effect of gender. Given the lack of impact 
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of gender on the other 2 groups, we think the gender effects in the novice group are caused by 
differences in gaming experience rather than gender differences per se.  
Methods for validity testing are changing. Currently, 2 main frameworks are used in the literature: 
the classic validity framework, which include validity sources such as face, content, construct and 
concurrent validity, and the modern framework proposed by Messick et al 46, which is a unified 
model in which different sources of validity are explored. In our studies of serious gaming, we opted 
to use the older framework so that our results would be comparable with those of other literature 
reports in this area (eg, Jalink et al18). This provides a better benchmark regarding the potential of 
Underground as a serious game for laparoscopic training. In the more current Messick framework, 
our study would support “relations to other variables” as sources of validity 46, 47.  
 
Future Research 
Understanding which specific aspects of the serious game Underground are responsible for 
laparoscopic skills transfer would aid its adoption in the surgical skills curriculum 48, 49. It is possible 
that the specialized laparoscopic gaming interface, compared to the original Wii U GamePad, is a 
critical component influencing laparoscopic skills transfer; this effect should be investigated further. 
In addition, if skill transfer to the operating room can be established, the potential value of serious 
games such as Underground will be heightened both for future laparoscopic skills training and for use 




This study establishes construct validity for the laparoscopic serious game Underground. Serious 
gaming may aid laparoscopic skill development. Gaming experience had an independent, positive 
effect on Underground performance compared to laparoscopic experience. The in-game 
performance metrics were not suitable for statistical evaluation. To unlock the full potential of 
serious gaming for training, a more formal approach to the development of performance metrics is 
needed. 
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The fun factor: Does serious gaming 
affect the volume of voluntary 
laparoscopic skills training?
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The availability of validated laparoscopic simulators has not resulted in sustainable high-volume 
training. We investigated whether the validated laparoscopic serious game Underground would 
increase voluntary training by residents. We hypothesized that by removing intrinsic barriers and 
extrinsic barriers, residents would spend more time on voluntary training with Underground 
compared to voluntary training with traditional simulators.  
 
Methods 
After 1 year, we compared amount of voluntary time spent on playing Underground to time spent on 
all other laparoscopic training modalities and to time spent on performing laparoscopic procedures in 
the OR for all surgical residents. These data were compared to resident’ time spent on laparoscopic 
activities over the prior year before the introduction of Underground. 
 
Results 
From March 2016 until March 2017, 63 residents spent on average 20 min on voluntary serious 
gaming, 17 min on voluntary simulator training, 2 h and 44 min on mandatory laparoscopic training 
courses, and 14 h and 49 min on laparoscopic procedures in the OR. Voluntary activities represented 
3% of laparoscopic training activities which was similar in the prior year wherein fifty residents spent 
on average 33 min on voluntary simulator training, 3 h and 28 min on mandatory laparoscopic 
training courses, and 11 h and 19 min on laparoscopic procedures. 
 
Conclusion 
Serious gaming has not increased total voluntary training volume. Underground did not mitigate 
intrinsic and extrinsic barriers to voluntary training. Mandatory, scheduled training courses remain 
needed. Serious gaming is flexible and affordable and could be an important part of such training 
courses.  






Most surgical departments have invested in creating simulation-based skills training facilities. This is 
caused by the need for residents to master an increasing number of highly complex surgical 
procedures which cannot be done in the operating room (OR) due to legal and ethical concerns 
regarding patient safety, resident workweek restrictions, and costs of OR time 1-3. Laparoscopic 
simulators have been successfully validated and skills transfer to the operating room has been 
established 4-8. The availability of validated laparoscopic simulators, however, has not resulted in 
sustainable, high-volume voluntary simulator training 9, 10. This may be caused by intrinsic and/or 
extrinsic factors. Intrinsic (motivational) factors include perceived utility and whether or not the 
training activities are perceived as fun. Extrinsic factors include workweek restrictions, remote 
simulator locations, and the amount of mandatory training courses residents have to complete 11.  
As to voluntary simulator training, the novel educational approach of serious gaming is well 
positioned to mitigate the various factors that are thought to limit the utilization of laparoscopic 
simulators. Serious games are designed to be entertaining and to provide an active learning 
environment for the player to develop professional skills 12-14. Learning in serious games occurs by 
increasing intrinsic motivation through gameplay that engages learners in challenges that adapt to 
their growing in-game skills in a non-repetitive manner 15, 16. In addition, extrinsic factors are 
addressed by lowering the barrier to training by facilitating training outside the skillslab on generic, 
widely disseminated digital platforms. Travel time to the skillslab is avoided, and the game can be 
played at short pauses during the workday or casually in an informal setting.  
In earlier research, gaming elements such as competition and the option to train onsite (i.e., close to 
residents’ workspace) have been implemented in laparoscopic curricula. This led to a slight increase 
in resident participation rates. In these studies, however, single gaming elements were added to 
existing laparoscopic training technology 11, 17-19. It remains in question whether a dedicated serious 
game can increase training volume by motivating residents to engage in voluntary training. 
In this study we used the validated serious game Underground (developed for laparoscopic skills 
training) to investigate whether residents would show increased voluntary training 20-24. We 
hypothesized that by removing intrinsic barriers (by providing a fun and challenging serious game) 
and extrinsic barriers (less travel time, use at work-pauses, casual use), residents would spend more 







MATERIAL AND METHODS 
 
Participants 
In March 2016, the surgical residents working at the departments of general surgery, urology and 
gynecology of the Radboud University Medical Center (Nijmegen, the Netherlands), were introduced 
to the serious game Underground through three scheduled introduction meetings, held at their 
respective departments. Residents in the control condition, working in the afore mentioned 
departments in the prior year, did not have access to Underground and did not receive an 




We installed the serious game Underground in the residents’ offices at the departments of general 
surgery, urology, and gynecology. All three groups of residents received an introduction in which 
they were explained how the system works, how to handle the controllers and how to troubleshoot 
if necessary. Underground was introduced as an addition to the traditional laparoscopic simulators 
and the use of the serious game or simulators was not mandatory. The simulators were located at 
our skillslab facility within the hospital building but not in the proximity of the ORs or normal wards. 
All residents were aware of its location and were already introduced to the available simulators. We 
collected laparoscopic training data between March 2016 and March 2017 for all surgical residents 
on all laparoscopic training modalities. Laparoscopic training modalities were: voluntary serious 
gaming (Underground), voluntary simulator training (FLS videotrainer, and LapSim Virtual Reality 
trainer) and mandatory laparoscopic training courses. Training times were compared to time spent 
on performing laparoscopic procedures in the OR. To contextualize these data, we collected 
laparoscopic training data for voluntary simulator training, mandatory laparoscopic training courses, 
and laparoscopic OR time from the period between March 2015 and March 2016 (a year before, 
when Underground was not yet introduced). 
 
Apparatus: hardware and serious game 
Version 1.1 of Underground was used. The setup consisted of a Nintendo Wii U gaming console with 
remote controllers placed in a game specific laparoscopic interface and a LG 21” HD LCD screen 25 
(Fig. 1). The sensitivity of the controllers was set at the highest possible level to limit choppy 
movements from the in-game instruments 26.  
Within the serious game players have to guide robots to the surface from an abandoned system of 
mineshafts while solving puzzles and creating routes by drilling, heating and grasping with their in-
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game robotic arms. These arms are controlled with the Nintendo Wii standard Nunchuk controllers, 
held by game-specific laparoscopic adapters. The movements needed for successful gameplay are 
based on the movements made during laparoscopic surgery. The main goals are learning to 
anticipate inverted movements by working over a fulcrum, eye-hand coordination, depth perception, 
and ambidexterity. When residents start the game for the first time, a tutorial begins in which the 
game mechanics are explained. The game has four distinct themes, each with five levels. After 
completing these four themes, the game culminates in a final ‘boss’ level 27. The gameplay becomes 
more difficult as the trainee completes more levels by introducing enemies, obstacles, necessitating 
increasingly complex instrument movements. Validity criteria for Underground have been met in 
previous research; however, we are not aware of research formally matching Underground difficulty 
levels to current laparoscopic simulators 21, 22, 28. As Underground is aimed at basic skills training and 
not specific laparoscopic procedures, we expect the greatest utility to be in early phase residency 
training. 
Figure 1. On the left the hardware interface of Underground. On the right two robots that have to be 
guided to the exit of a system of mineshafts by two probes inspired by laparoscopic instruments. 
Data preparation 
Training volume serious game Underground 
Multiple accounts can be created on a Nintendo Wii U to represent individual players. Per account, 
the number of gaming sessions is recorded, as well as time played per session. These data were 
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collected for all accounts for the period of the study, to calculate the total time spent on 
Underground for all three resident offices’ Underground installations.  
Training volume various simulators in the skillslab 
Prior to laparoscopic simulator training, residents make a reservation for the skillslab facility through 
a digital calendar (to make sure the facility is not double booked). We used the reserved time slots to 
calculate voluntary time spent on laparoscopic simulators by residents.  
Training volume mandatory laparoscopic training courses 
In each departments’ training plan for residents the amount of time that has to be spent on 
mandatory training courses for each postgraduate year in training (PGY) is described. We calculated 
the total amount of training hours by multiplying the number of residents for each PGY by the 
number of hours described in the training plans.  
Time spent on laparoscopy in the operating room 
We collected the amount of time registered for each laparoscopic procedure performed by residents 
as either primary, secondary or tertiary surgeon from the hospital information system to calculate 
the total time spent on laparoscopic procedures by residents. 
Data analysis 
Data were analyzed using the software package IBM SPPS Statistics for Windows, version 25. 
Resident training times for each training modality and resident time spent on laparoscopic 
procedures in the OR are reported with descriptive statistics. 
RESULTS 
Participants 
Sixty-three residents, distributed over Surgery, Urology and Gynecology, trained at Radboudumc 
from March 2016 until March 2017, and this number was 50 during the prior year (Table 1). Due to 
the rotation schedule for residents, most of them spent only a part of this period at Radboudumc. At 
any given moment, on average forty residents were part of the Radboudumc training program. More 
residents in their specialization phase (PGY 5&6) were in training over 2016-2017. 
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Table 1. Residents in training during March 2016 – March 2017 
Surgery Urology Gynecology 
2015-2016 2016-2017 2015-2016 2016-2017 2015-2016 2016-2017 
PGY: 
1 2 2 1 0 0 0 
2 2 1 0 0 0 0 
3 3 2 1 5 11 12 
4 8 12 4 2 11 14 
5 5 4 2 0 0 2 
6 0 0 0 4 0 3 
Total unique 
residents per year (n) 
20 21 8 11 22 31 
Voluntary training 
In the period from March 2016 until March 2017, residents spent on average 2% (20 min) of their 
time on serious gaming, 1% (17 min) on voluntary simulator training, 15% (2 h and 44 min) on 
mandatory laparoscopic training courses, and 82% of their time (14 h and 49 min) on laparoscopic 
procedures. From March 2015 until March 2016, residents spent on average 3% (33 min) on 
voluntary simulator training, 23% (3 h and 28 m) on mandatory laparoscopic training courses, and 
74% of their time (11 h and 19 min) on laparoscopic procedures, Fig. 2. 
Figure 2. Averaged, per-resident training time distribution over the available laparoscopic training 
modalities and procedures from March 2015 to March 2016 and from March 2016 to March 2017 




To our best knowledge, this is the first study evaluating voluntary psychomotor skills training with a 
serious game. In contrast to the common opinion that residents would spent more time on voluntary 
training if only training were more fun and accessible 29, 30, we found that the ready availability of the 
serious game Underground did not result in an increase in voluntary training time. Overall, time 
spent on voluntary training was marginal compared to time spent on mandatory laparoscopic 
training courses and compared to time spent on laparoscopic procedures. This low utilization rate of 
laparoscopic training modalities is in line with results reported for traditional voluntary laparoscopic 
simulator training 11. Lowering the extrinsic barriers of remote training locations and scheduling 
issues 9, 18, 19 was not sufficient to structurally increase the voluntary training effort of residents in this 
study. 
As to the intrinsic factor of fun, gaming elements present in Underground such as a story mode, a 
scoring system, game levels of increasing difficulty, and a bonus system (all of which are known to 
motivate players by providing a sense of competence and/or presence 12, 26, 31-36), did not result in an 
increase in training volume. Other gaming elements such as competition and multiplayer 
functionality however are not incorporated in Underground software. In several observational 
studies, introducing a simple element of competition into current laparoscopic curricula led to an 
increased participation rate of up to 30% 17, 18. 
In light of this, the addition of an element of competition to Underground might therefore have 
improved voluntary participation rates. However, we do not expect this improvement to be 
substantial because published face validity data as well as our unpublished face validity data show 
that residents enjoy playing Underground and strongly like the concept of serious gaming. Also, they 
perceive Underground as a valuable approach to laparoscopic skills training 26, 37.  
Another, more likely explanation for the low volume of voluntary laparoscopic training activities 
might be the disincentive for voluntary simulator training caused by allowing residents to practice on 
actual patients after a mandatory basic laparoscopy introduction course. This is supported by reports 
that residents feel restricted in time and bound to clinical responsibilities and they might therefore 
consider doing laparoscopy in the OR as training in practice 10, 18, 19, 29, 30. In addition, studies have 
shown that even if simulation training is mandatory, utilization rates are low which may suggest that 
training in the OR is given higher priority 9, 17, 38. Thus, it seems that mandatory, scheduled training 
courses remain needed. Analogous to the situation in the airline industry, it might be worthwhile to 
consider making access to laparoscopic procedures conditional on prior certification. 





Each year in training comes with different learning goals and activities for that year. This explains 
why there is a difference in time spent on mandatory training and laparoscopic surgery over both 
years as the number of residents per PGY were not the same. Compared to 2015 residents spent less 
time on voluntary simulator training. Residents may have divided their available time over 
Underground and simulator training rather than spending more time on laparoscopic training which 
is in line with the perceived feeling of being restricted in time and bounded to clinical work. 
Considering Underground as a voluntary training opportunity, residents spent roughly as much time 




The results of this study reflect the situation in one Dutch university medical center and may not be 
generalizable to other hospitals inside and outside the Netherlands. However, informal conversations 
in a variety of setting, including international conferences, lead us to believe that our results reflect 
the typical situation with regards to laparoscopic training.  
Limited voluntary gameplay may in part have been caused by technical issues, which were reported 
by 30% of our residents in response to a face validity questionnaire on Underground. This is in line 
with the study of Overtoom et al., who suggest these issues need to be addressed prior to adaptation 
in the skillslab 26. However, the majority of our residents did not report such issues, and we therefore 




Using serious gaming to remove intrinsic and extrinsic barriers to voluntary laparoscopic skills 
training for residents did not result in an increase in voluntary training volume. Voluntary training is a 
minor part of the total volume of the laparoscopic activities of residents. Mandatory, competency-
driven training courses remain needed to increase training volume. Residents of the surgical 
specialties perceive serious gaming as fun and useful, and serious gaming can be an important part of 
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Peers versus Pros: 
Feedback using standards 
in simulation training
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Creating and updating expert performance-based standards for simulators is labor intensive and 
requires the regular availability of expert surgeons. We investigated how peer performance based 
standards compare to expert performance based standards.  
Methods 
One hundred medical students took part in a four-session laparoscopic basic skills simulator training 
course. Performance for the FLS videotrainer tasks were compared between students who received 
feedback based on either peer standards, expert standards or no feedback at all (control group). 
Results 
No difference in performance between our feedback groups was found. Compared to the control 
group, they were 18-36% faster but made 52% more errors for tasks on the FLS video trainer (U 
range [93.5-957], average p < .01). 
Conclusions 
We demonstrated that feedback based on peer standards is equally effective as feedback based on 
expert standards. The found trade-off between speed and error is not desirable and warrants further 
investigation. 






Performance feedback is essential to the development of professional skills 1. As such, it forms the 
core of current educational approaches such as proficiency-based training and deliberate practice 2, 3. 
In these approaches, students are stimulated to reflect on their performance by providing them with 
quantified performance feedback, and by contextualizing their performance using standards. This 
type of feedback is also known as automated feedback. Hereby standards are automatically 
displayed when trainees finishes their tasks.  
 
Early in laparoscopic simulator training, standards for simulation training were often based on 
vendor-provided settings but increasingly these standards are replaced by expert derived 
performance standards 4-6. Training goals based on expert standards shorten learning curves, tailors 
the educational experience to the exact needs of the learner 5, 6and have been demonstrated to 
produce uniform skills and improve operating performance2, 3, 7-9. Accordingly, a FLS videotrainer 
training program has been developed using expert standards10, 11 and is now a requirement for 
American board certification 12, 13. It is fair to say that contextualizing performance with expert 
derived performance standards is the gold standard in surgical simulation training. However, there is 
no universally accepted method to generate standards for training and issues of validity and 
reliability remain 14, 15. In addition, generating standards based on expert performance is a time 
consuming, labour intensive process which can be hard to prioritize in the busy schedule of the 
surgeon 16. 
 
An alternative way to provide learners with automated feedback is by using standards based on 
averaged peer performance (peer standards). Peer standards are thought to encourage the novice to 
reach a performance level similar to or exceeding their peers 17. Von Websky et al. showed that peer 
standards with external assessment are superior to self-controlled training 18. In addition to being 
effective, peer standards are easier to generate since simulator performance data of students are 
easy to collect in the course of their training.  
 
We compared learning based on peer standards to learning based on the gold standard (expert 
standards) by comparing student performance in three conditions. Students received automated 
feedback based on either peer standards (1), expert standards (2) or no feedback at all (3). Students’ 
performance was analyzed for different tasks on the well validated FLS videotrainer 19. We expected 
that both peer standards and expert standards would lead to gains in performance compared to self-
directed training without automated feedback. As current research about the value of peer-derived 
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performance standards is scarce we did not know how peer-derived performance standards would 
compare to expert-derived performance standards in terms of performance gains. In this study we 
aim to provide evidence for the validity of laparoscopic simulator standards based on peer 
performance, rather than the more common expert performance based standards. 
 
MATERIAL AND METHODS 
 
Participants and study design 
We conducted this study at the surgical skills facility of the Radboud University Medical Center for six 
consecutive months. Every month, a new cohort of medical students in their fourth year (total of six 
years medical school, 3 years bachelor, 3 years master) was offered a voluntary, four-session 
laparoscopic basic skills course as part of their (eight-week) surgical rotation preparation. After 
finishing their Bachelor track, students enter the internships that form the Master track stepwise in 
monthly groups of around 30 students. This means that at the start of the basic skills laparoscopy 
course, each cohort has similar knowledge and skills. 
 
The study consisted of two experimental groups and one control group: Cohort 1 and 2 trained 
without automated feedback (control group); Cohort 3 and 4 trained with automated feedback 
based on peer standards (peer group) derived from the control group; Cohort 5 and 6 trained with 
automated feedback based on expert standards (expert group), see study flowchart, Fig. 1. All 
participants of these six cohorts voluntarily signed an informed consent document allowing us to use 
their anonymized performance data for scientific study. It was made clear to the students that not 
signing would in no way affect their participation to this course or the assessment of their rotation. 
No formal ethics review was sought as this is not required under Dutch law for this type of study.  
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5Figure 1. Study flowchart. At each session students rotated along the FLS videotrainer station and the LapSim virtual reality trainer station.
Training course design
We developed the four-session skills training course by ourselves to help students train psychomotor 
skills with the FLS videotrainer and the LapSim Virtual Reality (VR) trainer for, among other things, 
camera manipulation and 3D insights in laparoscopy. Students scheduled their training sessions using 
an online calendar. Self-selected groups of three scheduled four training sessions of one hour each 
(except for the first training session of 90 min, in which 30 min was reserved for instruction). During 
each session, participants rotated along a FLS videotrainer station (which was a combination of a 
support role and the FLS videotrainer station) and the LapSim VR trainer station, spending on average 
20 min at the support role and each station, which allowed them to perform each offered training 
task once (Fig. 2). Every session the same rotation schedule was used and students were not exposed 
to any form of laparoscopic practice outside this basic skills training course. The four training sessions 
had to be completed within three weeks, and students were discouraged from completing more than 
one training session on a single day in order to maximize learning 20. At the first session of each 
group, each subject completed a demographics questionnaire. Also, a short instruction on how to 




Training stations : the FLS videotrainer and the LapSim VR trainer
FLS videotrainer station
This station was a combination of a laptop and a FLS videotrainer. Students used the laptop to 
monitor the performance of their colleague on the FLS videotrainer and recorded the resulting data 
in an in-house developed application (CurveSurfer) for generating individual learning curves. 
Depending on the experimental condition the student’s own multi-session learning curves were 
contextualized by either peer standards or expert standards at the end of each task they performed 
on the FLS videotrainer. The CurveSurfer software would store task performance from each session, 
so as the course progressed, students’ performance would become visible to them as learning curves 
(Fig. 3). Students in the control group used CurveSurfer to fill out the scores of their colleagues, but 
no learning curves and standards were displayed.
Figure 2. Training stations: The FLS videotrainer and the LapSim virtual reality trainer.







































































































































































































































At the FLS videotrainer subjects performed three different tasks: Laparoscopic Labyrinth, Peg 
Transfer, and Precision Cutting. During Laparoscopic Labyrinth, first a printed labyrinth was 
connected on a plastic board by four clips and centered on the Velcro strip in the center of the 
marked square on the floor/base of the FLS videotrainer. Then a felt marker was placed in an in-
house adapted laparoscopic instrument and placed in the left or right hole in the top of the trainer 
depending on whether the left or right hand was used to control the instrument (Fig. 4). The task 
started when the felt tip touched the first dot. Then the subject had to trace the path until reaching 
the second dot. This task was repeated for the other hand with a different colour marker. Variables 
for this task were duration (seconds), number of line crossings, and number of disconnects of felt-tip 
and paper. We developed this task to help the trainee learn to correct for the amplification of 
movements (and tremor) due to the fulcrum effect. 
Peg Transfer and Precision Cutting are official FLS videotrainer tasks 21. Quantitative performance 
measures were collected by their colleague using the laptop and consisted of total duration for each 
task, and error measures as described in the task descriptions. Precision Cutting was used as an 
overflow task to help students synchronize their rotations along the stations. Consequently, 
participants often could not finish this task and data for this task were not analyzed. 
Figure 4. The printed labyrinth inside the FLS videotrainer. This student is showing right handed 
performance.
LapSim VR trainer station
At the LapSim VR trainer station the subject trained with two training programs, one focused on 
time, one on damage control. These programs included the following tasks: camera navigation, 
instrument navigation and coordination 22. This setup required us to customize LapSim task settings. 




Consequently, we had no expert settings available that would have allowed us to make the LapSim 
part of our study and the LapSim data were not analyzed.  
 
Peer standards and expert standards 
Peer standards were displayed as learning curves and were based on the data from our first two 
cohorts, the control group. This means we calculated the mean scores for every variable for each 
session and these were graphically presented in CurveSurfer as a background learning curve to the 
individual learning curves for the students in the peer group (Fig. 3, top row).  
 
We used published and validated expert values for Peg Transfer and Precision Cutting 11. Since these 
expert performance values were collected during a single session, expert standards were not 
displayed as a learning curve but as a horizontal line for each variable. For the expert group, these 
lines were visible as a background to their own learning curves (Fig. 3, bottom row). 
 
Because the Labyrinth task is a self-developed task, we did not have published expert values 
available. To derive those from our data, we calculated the ratio at session one between the expert 
values and control group values for the Peg Transfer and Precision Cutting task. We used the average 
of those two ratios to extrapolate hypothetical expert values for the Labyrinth task. 
 
Apparatus 
Every simulator station had its own setup: 
The FLS videotrainer station consisted of an Asus laptop running Windows 7, a König USB 2.0-
analogue audio/video converter, iSpy v6.8.2.0 23 desktop recording software, an in-house developed 
software application (CurveSurfer) to record performance and provide the participant automated 
feedback in the form of contextualized learning curves, and a stopwatch. The FLS videotrainer system 
was connected to a 17-inch video monitor, and all materials needed for the tasks performed on the 
FLS videotrainer including the materials for the custom task were provided.  
 
The LapSim VR station consisted of the LapSim VR trainer with a desktop computer running 
Windows, a laparoscopic interface consisting of Simball hardware (G-coder Systems, Västra Frölunda, 
Sweden) and Surgical Science’s LapSim v.3.0 training software (surgical Science, Göteborg, Sweden). 
 






Video was recorded for the FLS videotrainer and data for duration and error were collected for the 
Peg Transfer task by two blinded observers who each scored half of the recorded videos. Duration for 
the Labyrinth task was also scored from video, but the error variables for this task were scored from 
the collected, filled-out Labyrinth papers. Since only objective observations were made by the 
blinded observers, we chose for a method that reduces workload but does not allow for reporting 
inter-rater reliability. Because the number of errors was too low for each separate task, we could not 
use this data for analysis. Instead we added the number of errors across both tasks to create a single 
error measure for each session, for each person. Due to scheduling conflicts and the voluntary nature 
of this course, data loss for the fourth training session was high. Therefore, we compared 
performance at session 1-3 between students with and without participation at session 4 to see if 
there had been a self-selection bias. Finding no such bias, we included all four sessions in our 
analysis. We also controlled rotation schedule for performance metrics on the simulators. No 
performance differences were found between the participants implying that it did not matter at 
which station the students started and moved on following its scheme. 
 
Data analysis 
Some of our variables were not normally distributed (as assessed by a Shapiro-Wilks test), and 
therefore we used Mann-Whitney U tests for our analyses. To assess the potential of standards for 
automated feedback during training, we compared performance contextualized by peer standards to 
performance contextualized by expert standards. To verify the effect of automated feedback, we 
combined the feedback groups and compared performance of this group with the control group. 






A total of 100 participants started with our training course. Due to scheduling constraints, 85 
students finished the first three sessions, but only 52 finished all four (dropout rates of 35%, 38% and 
65% for the peer, expert and control group respectively) . Group size and available demographic data 
are shown in Table 1. Demographic data were missing for 16 subjects who did not fill out the digital 
form. There were no demographic differences between groups and none of the demographic 
variables affected performance. Only two students reported previous laparoscopic experience. Both 
students did not show any different performance compared to the other students.   





Expert standards versus peer standards 
The only significant difference between the expert group and the peer group in speed was for the 
Peg Transfer task during the second training session, where the expert group outperformed the peer 
group. No differences between the peer group and the expert group were found for error (Table 2). 
 
Feedback versus no feedback 
The combined automated feedback groups were significantly faster compared to the control group 
for Peg Transfer in all sessions. However, the control group significantly outperformed the combined 
feedback groups on error for the first three sessions. For the Labyrinth task, the combined feedback 
groups were significantly faster at session 3 and 4 (Table 3). Performance across all three groups for 









Table 1. Demographic data for the three groups 
 Peer standards feedback 
group (n = 23) a 
Expert standards 
feedback group (n = 40) 
Control group 
(n = 37)b  
Male, % 43.5 32.5 24.3 
Age, y 24±2 24±2 24±1 
Right hand dominance, % 93.8 87.5 72.7 
Self-reported game experience, % 31.3 25 15 
Laparoscopy experiencec, n 0 2 0 
aDemographic data for 6 students were missing in this group 
bDemographic data for 10 students were missing in this group 




Table 2. Performance comparison between the peer group and expert group 
 Peer standards feedback 
group 
Expert standards feedback 
group 
statistics 
Task n M SD N M SD U p r 
PTt1 23 214.74 101.86 40 189.85 56.11 417 .54 -.08 
PTt2 23 146.43 27.82 37 121.03 29.08 217 .00* -.41 
PTt3 23 119.61 26.33 38 113.76 26.59 404 .62 -.06 
PTt4 15 107.67 17.80 25 99.24 26.22 139 .18 -.21 
Lt1 23 145.17 58.78 39 128.77 38.59 355.5 .18 -.17 
Lt2 23 110.52 29.10 37 100.81 22.96 337 .18 -.17 
Lt3 23 96.91 26.88 39 87.54 20.19 355.5 .18 -.17 
Lt4 15 82.93 15.57 25 81.16 21.41 160 .44 -.12 
E1 23 12.83 7.29 39 13.41 6.85 409 .56 -.07 
E2 23 11.13 5.02 37 11.08 4.74 409 .80 -.03 
E3 23 11.26 5.23 38 10.18 5.93 377.5 .38 -.11 
E4 15 7.47 4.55 25 9.72 6.56 154 .35 -.15 
Mann-Whitney U test results. Performance distributions in the two automated feedback groups 
did not differ significantly except for the Peg Transfer task at session 2. An asterisk indicates 
significant performance differences. PTt stands for Peg Transfer time (s); Lt stands for Labyrinth 
time (s); E stands for number of errors 
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Figure 5. Peg Transfer: performance differences between groups for the variable time.
Table 3. Performance comparison between the control group and the automated feedback group
Control group Automated feedback group statistics
Task n M SD n M SD U p r
PTt1 33 272.97 131.95 63 198.94 76.21 598 .00* -.35
PTt2 33 155.18 36.55 60 130.77 30.98 577.5 .00* -.34
PTt3 23 150 37.26 61 115.98 26.43 297.5 .00* -.44
PTt4 12 138.83 44.78 40 102.40 23.54 93.5 .00* -.44
Lt1 34 154.94 73.82 62 134.85 47.30 872 .16 -.14
Lt2 32 106.59 33.26 60 104.53 25.70 957 .98 -.00
Lt3 23 105.52 25.61 62 91.02 23.14 474.5 .02* -.26
Lt4 12 96.92 21.04 40 81.82 19.23 148.5 .05* -.28
E1 31 8.55 5.93 62 13.19 6.96 563 .00* -.34
E2 32 5.50 5.57 60 11.10 4.81 375 .00* -.50
E3 21 4.14 2.78 61 10.59 5.66 195 .00* -.52
E4 12 5.83 3.90 40 8.88 5.93 174 .15 -.20
Mann-Whitney U test results. Performance distributions in the control and the combined 
automated feedback groups differed significantly except for the Labyrinth task at session 1 and 2.
An asterisk indicates significant performance differences. PTt stands for Peg Transfer time (s); Lt 
stands for Labyrinth time (s); E stands for number of errors
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Figure 6. Labyrinth: performance differences between groups for the variable time. 
Figure 7. Peg Transfer and Labyrinth: performance differences between groups for the variable 
errors. 
DISCUSSION
Peer standards versus expert standards
We found that peer standards leads to similar learning gains as expert standards. This extends the 
findings of Websky et al.,18 who found peer performance-based feedback with external assessment 
to be more effective compared to no feedback. Using peer performance-based feedback during 
simulation training provides a welcome alternative to expert-based performance values, due to 




limited availability of experts to create such values and the diminishing number of experts with little 
or no simulator experience. Institutions of academic medicine provide simulation training to a steady 
influx of trainees with no laparoscopic experience, which provides easy and plentiful opportunities to 
generate peer performance-based standards.  
 
An additional benefit of peer-performance based standards is that they can be provided to the 
student in the form of learning curves, with different values for each session. Expert performance-
based standards typically consist of a single value, which can be represented only as a horizontal bar. 
Peer performance-based learning curves provide the student with standards for both end goals and 
session goals, which means more context for comparison. 
 
Feedback induced performance trade-off 
Performance feedback is considered essential to learning and to educational approaches such as 
deliberate practice and proficiency-based training 2, 3, 8. However, we found that trade-offs between 
different performance variables may occur as a consequence of this automated feedback and this 
can have the unwanted consequence of training our students for speed at the cost of safety. We 
think that having contextualized our students’ learning curves with either expert values or peer-
performance based learning curves may have stirred a sense of competition that led to faster, but 




An interesting observation can be made as to self-reflection based on standards: the performance of 
both automated feedback groups in our study improved already before any feedback was available to 
our students. Knowing that their performance will be contextualized using standards is apparently 
sufficient to improve speed. Such effects will have to be accounted for in future studies assessing the 
role of automated feedback. 
 
Limitations 
Demographics were missing for sixteen of our one-hundred subjects. Since all participants were 
drawn from a homogenous population we expect no differences between groups if these data were 
complete. 
Dropout rates were high for the fourth session. As our laparoscopic basic skills course at that time 
was not mandatory, and time available for extracurricular activities was limited, students were not 
always able to complete the full four sessions of our training course. Since we did not find 
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performance differences on sessions 1-3 between students who performed three versus four 
sessions, we have no reason to assume a performance bias during session 4, and we analyzed all four 
sessions. 
Since the labyrinth task has not yet been officially validated, we had to extrapolate expert values for 
this task. We developed this task to help our students anticipate the amplification of movements 
caused by working over a fulcrum 26, 27. Given the ecological validity of this task, we felt it would be 
interesting to include the resulting variables despite its validity status. 
 
Future research 
To enhance the usefulness of training methods with automated feedback, we want to find ways to 
correct the bias students show towards speeded performance at the cost of making more errors. The 
addition of a theoretical framework that emphasizes damage control in combination with targeted 
supervision and intervision may help the student properly contextualize and prioritize aspects of 
their performance 1, 28-31. This should lead to a more balanced development of skills. The combination 
of objective, quantified feedback provided by learning curves, the provision of theory and the 
focused, personal approach of an experienced instructor might make for a powerful combination. 
Cohort studies such as the one presented here provide a great opportunity to investigate the 




We demonstrated the equivalence of expert standards and peer standards as automated feedback 
for laparoscopic simulator training. As peer standards are easier to generate, peer performance-
based training may become a valuable addition for our training courses. We unexpectedly identified 
a feedback induced performance trade-off in which students prioritized speed over error. To 
optimize the use of standards, future research is needed to assess whether the way in which 
feedback is displayed and contextualized reduces the amount of errors.   
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Little is known about the relation between impulsiveness and surgical performance even though 
research in similar high-risk/high-skills shows evidence of more hazardous behavior by impulsive 
professionals. We investigated the impact of impulsiveness on laparoscopic simulator performance. 
 
Methods 
Eighty-three subjects participated in a four-session laparoscopic training course. Based on the 
Eysenck Personality test, we created equal sized high- and low impulsiveness groups and compared 
task duration and errors on tasks for two laparoscopic simulators. 
 
Results 
The low impulsiveness group outperformed the high impulsiveness group on damage on the LapSim 
virtual reality trainer (U = 459, p < .049), and showed a trend towards better error performance on 
the FLS videotrainer. We found no differences on task duration. 
 
Conclusions 
In surgical simulation training, high impulsiveness is associated with creating more damage, but not 
with faster performance. Time needed to correct errors may have obscured faster performance in 
the high impulsiveness group.   






Some surgeons are safer than others. However, research into individual differences between 
surgeons in relation to operating room performance has been limited. Two sources of individual 
differences have been considered in relation to surgical performance: cognitive abilities and 
personality. Cognitive abilities such as visuospatial ability and psychomotor ability (responsible for 
eye-hand coordination) are known to be somewhat related to operating room performance, 
especially for minimally invasive procedures such as laparoscopy 1. While the concept of the surgical 
personality has attracted attention from researchers 2-5, we found only two studies that specifically 
investigated the relation between personality and surgical performance.  
Rosenthal et al. investigated the relation between surgical VR performance-parameters and 
personality, based on the results of the personality test NEO-Five Factor Inventory 6. The NEO-FIVE 
Factor Inventory is a personality inventory that examines a person’s Big Five personality traits 
(openness to experience, conscientiousness, extraversion, agreeableness, and neuroticism). 
Rosenthal et al. did not find any significant association 6. Lovejoy et al. however showed that 
surgeons with low extraversion (i.e. introverted surgeons) tended to have better outcomes which is 
interesting given the consistent reports of higher extraversion in surgeons compared with the 
general population. The trend of more introvert trainees selected for a surgical specialty in recent 
years than in the past 7 may reflect a selection process for trainees that will produce better outcomes 
8. Related to the personality trait of extraversion is impulsiveness which in other fields such as traffic 
and aviation is associated with dangerous behavior and might play an important role in surgical 
performance 9-15. The effects of impulsiveness on surgical performance however have so far received 
little attention from the research community.  
Anecdotal evidence and OR-observations support the relevance of impulsiveness-like traits in the 
operating room: some surgeons are bold while others are hesitant, impacting the quality of the 
procedure being performed. Excessively bold surgeons may be fast, but more prone to cause intra-
operative damage and complications, while extremely careful surgeons may work securely, but 
hesitant and slow. The psychological construct of impulsiveness is a good fit for this phenomenon, 
and basic research in psychology has demonstrated that high impulsiveness correlates with faster 
reaction times but more errors 10.  
To investigate the relation between impulsiveness and surgical performance, we adopted a between 
group design in which we compared laparoscopic simulator performance of students of high- and low 
impulsiveness. Students were selected as research subjects because having identical laparoscopic 
experience levels (namely none), either laparoscopic experience or differences in laparoscopic 
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experience cannot bias the results. We expected that students of high impulsiveness would perform 
faster, but inflict more damage compared to students of low impulsiveness.  
METHODS 
Subjects and study design 
The study was performed at the skills training facility of the surgical department of the Radboud 
University Medical Center, Nijmegen, the Netherlands. Study participants were fourth-year medical 
students with no or minimal experience in laparoscopy. They voluntarily signed up for a simulator-
based, four-session basic skills laparoscopic training course, offered as part of their surgical rotation 
preparation. This simulator-based setup allowed us to use standardized tasks and collect quantified 
performance data. Every month a new cohort starts with this course, and data was collected for six 
cohorts. Voluntary informed consent was obtained from all participating students. The study design 
was not reviewed by an ethical board, as this is not required for this type of research under Dutch 
law. 
Training sessions 
Self-selected groups of three students scheduled their sessions in an online calendar. The first 
training session took around 90 min, as besides the training exercises it included two questionnaires 
and an explanation of the course setup. Sessions 2-4 took around 60 min. No more than one training 
session per day was allowed to maintain a distributed practice schedule for better retention of 
skills13, 14. All training sessions had to be scheduled within a three-week period due to the temporal 
constraints of the internship. 
During the first session the students had to complete two questionnaires: a digital demographics 
questionnaire including questions about previous laparoscopic (simulator) experience, and a digital 
version of the Eysenck Impulsivity Inventory to collect information about impulsiveness (see ‘Eysenck 
Impulsivity Inventory’ below). In addition to these questionnaires the students received a brief 
introduction to the course, which included a demonstration of the principles of laparoscopic basic 
skills such as instrument- and camera handling. The first session was supervised, no attendant was 
present during the remaining three sessions. 
Two training stations and one observation station were prepared for this training course. The training 
stations had different training hardware with different tasks. Students at the observation station 
assisted students at one of the training stations by collecting performance data. At the other training 
station performance data were automatically collected.  Students started at the same station every 
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session, and after completing all tasks of that training station they rotated to the next station. Every 
student completed all stations in every session (see Fig. 1). 
Figure 1. Flow chart of the training course and study design.
Training stations: The LapSim VR trainer and the FLS videotrainer
LapSim VR trainer station
At the LapSim VR trainer station students performed four exercises twice on the well-validated 
LapSim Virtual Reality trainer (Fig. 2)9, 11, 12, 15. The four exercises were ‘camera navigation’, 
‘instrument navigation’, ‘cutting’ and ‘lifting and grasping’. In these tasks the student operates the 
camera or uses instruments such as a grasper or a ligation device in a simulated abdominal cavity to 
complete simple, non-procedural exercises such as ligation of blood vessels, picking up dropped gall 
stones, and retrieving dropped suturing needles. Detailed descriptions of the tasks can be found at 
the website of Surgical Science 16. 
FLS videotrainer station
Students completed three laparoscopic tasks on the FLS videotrainer: ‘Peg Transfer’, ‘Precision 
Cutting’ and ‘Labyrinth drawing’ (Fig. 2). The FLS videotrainer is a validated videobox trainer 17-19, 
where students use actual laparoscopic instruments to perform simple psychomotor tasks, such as 
moving plastic beads from peg to peg (Peg Transfer), or use laparoscopic scissors to cut a printed 
shape from folded gauze (Precision Cutting). These two tasks are described on the website of 
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Fundamentals of Laparoscopic Surgery 20. ‘Labyrinth drawing’ is a self-developed task where students 
have to trace a path through a labyrinth using a marker attached to a laparoscopic instrument, to 
learn how to mitigate the effects of amplification of movement caused by working over a fulcrum. 
They had to perform this task both right-handed and left-handed 21. 
Observation station
The observation station consisted of a laptop running a self-developed program named ‘CurveSurfer’ 
21. The student at this station assisted the student training on the FLS videotrainer by keeping track of 
their performance and enter their scores in the software (Fig. 2). This program provides the student 
working on the FLS videotrainer with learning-curve feedback about his or her performance over 
time, contextualized by learning curves of peers and expert values.
Figure 2. Pictures of the three training stations from left to right: observation station,  LapSim VR 
trainer and the FLS videotrainer.
Eysenck Impulsivity Inventory
To assess impulsiveness each student had to complete the Eysenck Impulsivity Inventory. This well 
validated questionnaire consists of 63 yes-no questions and was developed for the measurement of 
three personality traits: impulsiveness, venturesomeness, and empathy 22-24. We were primarily 
interested in impulsiveness because of its known relation to damage and risky behavior in other 
fields, and did not further investigate venturesomeness or empathy. Impulsiveness scores were 
calculated after complete data collection to prevent information bias for both students and
researchers during data collection. 
Apparatus
The LapSim VR trainer station consisted of a desktop computer running Windows with Surgical 
Science’s LapSim v.3.0 training software (Surgical Science, Göteborg, Sweden). Simball hardware (G-




coder Systems, Västra Frölunda, Sweden) was connected to the desktop to simulate laparoscopic 
instruments. 
The FLS videotrainer station used a videobox trainer developed by SAGES and ACS for surgical 
residents, fellows and practicing physicians to learn and maintain laparoscopic skills. The FLS 
videotrainer was connected to a 17-inch LCD monitor. 
The observation station consisted of a laptop running Windows and our self-developed program 
‘CurveSurfer’. This is a Microsoft Excel based program, designed to create learning curve feedback for 
students training on the FLS videotrainer21. Also, a digital form of the Eysenck Impulsivity Inventory 
was available at this station. This questionnaire was digitized with LimeSurvey version 1.92+, a web 
application to create surveys and collect responses 25. 
 
Data preparation/analysis  
After all performance data was collected, the participants were split into two groups based on the 
results of the impulsiveness scores of the Eysenck questionnaire. If their score for impulsiveness was 
below or equal to the median they were assigned to the low-impulsiveness group, if their score was 
higher they were assigned to the high-impulsiveness group. 
 
LapSim Simulator 
Performance on the LapSim Simulator was automatically registered by the simulator. Data was 
exported from the simulator as an Excel file. The task ‘camera navigation’ was used as a warming-up 
exercise, and was not included in the analysis. Registered performance parameters were overall 
score, instrument path length, angular path, tissue damage, maximum damage, and instrument time. 
As we were interested in differences in speed and damage control, only parameters representing 
these aspects were analyzed: instrument time, tissue damage and maximum damage. Tissue damage 
represents the number of incidents, maximum damage the deepest ‘wound’ inflicted in mm.  
To analyze the differences between the two experimental groups over the whole course rather than 
over individual training sessions, we averaged ranked performance data for each parameter of the 
three individual sessions. To achieve one overall parameter for damage, the parameters ‘tissue 
damage’ and ‘maximum damage’ were combined by calculating the average of these ranks.  
This resulted in two parameters per exercise: time and damage. In addition, the time and damage 
parameters were averaged over all three exercises to create overall LapSim performance parameters 
for time and damage. Mann-Whitney U tests were done to compare time and damage per exercise 






The FLS videotrainer does not automatically register performance, therefore all exercises of this 
training station were video recorded and performance was afterwards manually scored by two 
authors (BK and WIJ), who were blinded for the results of the impulsiveness test. Tasks were scored 
for total time and errors made (bead drops during peg transfer). Only data of the task ‘peg-transfer’ 
was used, as the task ‘labyrinth drawing’ is not yet validated and for the task ‘precision cutting’ the 
videos did not allow for scoring errors objectively.  
To cluster the four sessions, we followed the same procedure as described for the LapSim simulator 
above, where we converted the interval data to ordinal data by ranking the parameters and 
calculated the average ranks over four sessions for time and errors made. We performed Mann-
Whitney U tests for total time and total errors made over the four sessions to compare the two 
experimental groups.  
The alpha level was set at 0.05 for all tests. 
RESULTS 
Participants 
Eighty-three students of six cohorts (51.0% of the total amount of students preparing for their 
surgical rotation) signed up for the voluntary laparoscopic basic skills training course and were 
eligible for this study. Seventy-three participants completed a minimum of three sessions which was 
considered mandatory for inclusion in the study. Lost data due to technical problems occurred for 
two subjects, data of both were excluded. Consequently, data of 71 students were included in the 
analysis. 
Age ranged between 21-30 years (mean 23.8 years) and 22 participants were male (31.0%). Two 
participants reported previous laparoscopic experience, only having operated the camera. Their 
performance was between the first and third quartile for both damage and speed. Both 
impulsiveness groups were comparable regarding age, gender and laparoscopic experience (Table 1). 
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Sex (male, n) 10 (27.8%) 12 (34.3%)
Age (mean) 23.5 years (22-30 years) 24 years (21-29 years)
Laparoscopic experience (n) 1 (2.8%) 1 (2.9%)
Impulsiveness-score 1.64 (.46 -2.81) 4.25 (2.83-7.15)
Influence of impulsiveness on laparoscopic performance
LapSim simulator
A summary of the results of the LapSim Simulator is shown in Fig. 3. Subjects of low impulsiveness 
had lower scores for damage on every task, which means they caused less damage. This reached 
significance only when performance of all tasks was averaged (U = 148, p = .049). Total time did not 
differ significantly between the two groups for any task individually, nor did it for all tasks combined. 
Neither did one group structurally outperform the other on time.
Figure 3. Display of performance (shown as average ranks for time and damage) of the three LapSim
VR trainer tasks individually and combined (total). Low ranks mean less time was used and fewer 
errors were made compared to high ranks. All four training sessions are combined. Blue bars 
represent performance of the low impulsiveness group, red bars represent performance of the high 
impulsiveness group. U-values and p-values of Mann-Whitney U tests are shown per exercise and for 
the total score. Abbreviations of exercises: IN = instrument navigation, L&G = lifting and grasping, 




Fig. 4 shows similar trends of performance regarding the FLS videotrainer data. The low 
impulsiveness group made fewer errors over four sessions. The low impulsiveness group was 
marginally faster compared to the high impulsiveness group. The differences for time and errors, 
however, were not significant. 
Figure 4. Performance (time and errors) of both experimental groups on the FLS videotrainer. Low 
ranks mean less time and fewer errors made compared to high ranks. All four training sessions are 
combined. The blue bars represent the performance of the low impulsiveness group, red bars 
represent performance of the high impulsiveness group. U-values and p-values of Mann-Whitney U 
tests are shown per parameter.
DISCUSSION
Students of low impulsiveness outperformed students of high impulsiveness on all damage and error 
measures collected during a basic skills laparoscopic training course. However, this only reached 
significance for the averaged damage variables on the LapSim VR trainer. In contrast to our 
expectations, we found no differences in performance for duration variables. A possible explanation 
is that faster performance may have been obscured by the extra time needed to correct errors. Also, 
the exercises were both simple and predictable and students of low impulsiveness may not have 
needed extra time to carefully assess the situation, which would have slowed them down compared 
to students of high impulsiveness. In the operating room surgery is complex and unpredictable, 




which could slow down low-impulsiveness surgeons who need more time for premeditation, which 
would lead to our expected time/damage trade-off. 
When we compare our results to earlier studies in other sectors we see similar results. In traffic, 
studies show that young drivers who score high on the Barratt impulsiveness scale, another validated 
test that measures impulsiveness 26, 27, are more likely to drive risky, drive aggressively, lose 
concentration, lose car control, cause traffic violations and make mistakes 28, 29. In 2013, Pearson 
used a five-factor model of impulsiveness-like traits to investigate a possible correlation of these 
traits with four risky driving behaviors30. All correlations showed the same trend: impulsiveness-like 
traits increase risky driving behavior.  
The Federal Aviation Administration suggests a relation between attitudes and incidents in aviation 
as well 31. Anti-authority, impulsiveness, invulnerability, machoism and resignation are recognized by 
this organization as hazardous attitudes. They believe, however, that good judgment can be taught. 
Therefore they have created a structured, systematic model to analyze changes during a flight to 
decrease the probability of human error and increase the probability of a safe flight 31. Pilots are 
trained to recognize and counteract hazardous attitudes like impulsiveness via this model (Fig. 5). 
When tested, pilots who received this kind of decision-making training made fewer in-flight errors 
than those who had not 31. For laparoscopic simulation training applying this systematic model may 
be beneficial decreasing error and increasing safety.  
As a thought exercise, we apply the six-step FAA model to a situation where a resident is stopping a 
bleeding. The first step is recognizing the personal hazards e.g. an impulsive attitude of ‘quickly do 
something’ meaning directly taking actions trying to control the bleeding. Instead the resident 
determines the risk of the bleeding e.g. which vessel is bleeding, what are the consequences? Third 
step is considering the options to fix the problem e.g. ligating the vessel, closing the hole in the vessel 
or put digital pressure on the vessel. During the fourth step a decision is made about the mode of 
action after quickly weighing pros and cons of the options e.g. it is an important artery or vein that 
need to be saved and thus need to be repaired. After performing the repair (the fifth step), the last 
step is monitoring the main results of the decision, the bleeding has stopped and the blood flow is 
successfully restored. To implement this model in a training course, the procedures to be trained 
would need to be subjected to safety critical task analysis or cognitive task analysis with an emphasis 
on errors and damage control 32. Potential errors, damage, complications, their origins and their 
consequences are defined as main outcomes of the training course. In this way, trainees of known 
levels of impulsiveness can be steered towards appropriate steps through the training environment. 
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Figure 5. Schematic display of the steps of the risk management decision-making process as 
introduced by the FAA.
Besides counteracting hazardous attitudes, knowledge on the relation between impulsiveness and 
adverse incidents also offers an opportunity to design personalized adaptive training programs. For 
students of high-impulsiveness for example this could mean focusing training on damage control, 
possibly by creating a training that steers the students’ emphasis to one specific outcome parameter, 
a method we are currently testing. 
Limitations
The results of this research are based on simulated laparoscopy, which differs from real world 
laparoscopy in a number of ways. Laparoscopy as performed in the OR is more complex, 
unpredictable, and harbors risk of (life threatening) complications. All these differences might 
interact with the personality trait impulsiveness. Simulators, however, allow for objective, quantified 
measurement of damage, which is much harder to do in the operating room. 
During the first session of the LapSim simulator task ‘instrument navigation’ 20.0% of the high 
impulsiveness group and 16.7% of low impulsiveness group reached the time limit for this exercise. 
During the remaining sessions this limit was reached by less than 2% of the students. We may have 
underestimated differences in time between the two experimental groups in the first session for this 




simulator. This difference however would have worked against our hypotheses, and has not changed 
our results. 
Another limitation is that students differ from attending surgeons in professional experience. With 
experience psychomotor skills improve and automate. As a consequence, performance differences 
attenuate over time and become less sensitive to individual differences 33. Working with 4th year 
medical students however ensured identical experience levels for all participants, reducing the risk 
for confounding variables.  
 
Future research 
Having established a negative impact of impulsiveness on student performance in a simplified 
surgical simulation environment, research is needed to extrapolate these findings to surgeons of 
different experience levels, preferably in a real-world setting.  
Another line of research would be in personalized training. Is it for instance possible to counteract 
the effects of high impulsiveness by changing assessment variables? We are currently analyzing data 
from a study where students get feedback on either speed or damage control during simulator 




The personality trait impulsiveness influences laparoscopic simulator performance; low 
impulsiveness students create less damage, yet are as fast as high impulsiveness students. More 
research is needed to learn about the relevance of impulsiveness for performance in the OR and for 
surgeons of different experience levels. If such studies corroborate our findings, the personality trait 
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Adaptive training is an approach in which training variables change with the needs and traits of 
individual trainees. It has potential to mitigate the effect of personality traits such as impulsiveness 
on surgical performance. Selective performance feedback is one way to implement adaptive training. 
This paper investigates whether selective feedback can direct performance of trainees of either high- 
or low impulsiveness.  
 
Methods 
A total of 83 inexperienced medical students of known impulsiveness performed a four-session 
laparoscopic training course on a Virtual Reality Simulator. They performed two identical series of 
tasks every session. During one series of tasks they received performance feedback on duration and 
during the other series they received feedback on damage. Performance parameters (duration and 
damage) were compared between the two series of tasks to assess whether selective performance 
feedback can be used to steer emphasis in performance. To assess the effectiveness of selective 
feedback for people of high- or low impulsiveness, the difference in performance between the two 
series for both duration and damage was also assessed. 
 
Results 
Participants were faster when given performance feedback for speed for all exercises in all sessions 
(average z-value = -4.14, all p values < .05). Also, they performed better on damage control when 
given performance feedback for damage in all tasks and during all sessions except for one (average z-




Selective feedback on either duration or damage can be used to improve performance for the 
variable that the trainee receives feedback on. Trainee impulsiveness did not modulate this effect. 
Selective feedback can be used to steer training focus in adaptive training systems and can mitigate 
the negative effects of impulsiveness on damage control. 






Personality is a major source of differences in behavior between people 1-3. Emerging research is 
highlighting differences in personality between surgeons and controls; in these studies surgeons 
typically show heightened extraversion 4-6. In traffic and in high-skilled professions such as pilots, the 
related personality trait of impulsiveness has been shown to correlate with dangerous behavior 7-12. 
Patients may be at risk if a similar association is present in the operating room. In a previous 
simulator-based laparoscopic training study, we found that high-impulsiveness trainees created more 
damage in comparison to low-impulsiveness trainees but were equally fast 4. An adaptive training 
approach, already used in military medical skills acquisition and retention, to effectively train 
personnel of different skills levels 13, could potentially counteract the negative effects associated with 
high impulsiveness.  
In adaptive training, variables such as the difficulty level of the training task are varied as a function 
of trainee performance, to maximize learning and keep the trainee’s interest level high 14. Many 
different forms of adaptive training have been described 15. In its simplest form it means adapting the 
difficulty of the exercise based on the performance of the apprentice. Other examples are adjusting 
task difficulty to individual differences such as personality or learning styles, or altering perceived 
difficulty levels by modifying performance standards 16, 17. Advantages of this type of training are 
among others: a personalized learning experience, focused remediation of individual weaknesses in 
skilled performance, and its ability to give teachers a better insight in the students’ capabilities. 
Adaptive training has been proven effective in a variety of novel educational fields18-22, including 
virtual reality (VR) based training and serious gaming 23, 24. 
VR training is increasingly used for the acquisition of psychomotor skills needed for minimally 
invasive surgery. One of the advantages of these electronic simulators is the large amount of 
quantified performance parameters they record. Currently, this information is mostly used to provide 
feedback to its users to demonstrate their progress. However, this feature provides an opportunity 
to steer emphasis of a user to a specific aspect of a task, for example speed or errors made. In this 
way performance parameters could be used to create a form of adaptive training. Such personalized 
training which steers the student towards improving his or her weaknesses may increase training 
quality and efficiency. A previous review indicated that different skills benefit from different types of 
feedback, for example process feedback may be a more effective way to train decision making than 
outcome feedback 15. However, little is known about types of feedback in relation to surgical skills 
training.  
The research reported here investigated two questions: Can selective feedback be used to steer 
student performance towards either damage control or speed in laparoscopic simulator training? If 
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so, does impulsiveness impact these changes? We expected selective feedback to influence 
performance positively for the targeted performance measure. We did not formulate an expectation 
as to whether the effect of selective feedback would be impacted by impulsiveness. 
 
MATERIALS AND METHODS 
 
Subjects and study design 
Every month, around thirty first-year master students of Medicine with no- or very limited surgical 
experience start their surgical rotations at the Radboud University Medical Center. These students 
were given the opportunity to voluntarily sign up for a basic laparoscopic skills simulation training 
course as part of their rotation. During all training sessions, students performed two series of 
exercises that only differed in whether feedback was provided on speed or on damage control. We 
collected data over a period of six months for a total of 83 participants. Students were explicitly told 
that enrollment in the study was voluntary and declining would not impact their participation to the 
course or the assessment of their rotation. All students elected to participate, and filled out a digital 
demographics- and impulsiveness questionnaire. Performance on time and damage was compared 
for both feedback series, and within each series for students of high- and low impulsiveness. The 
study design was not submitted to an ethical board, as this was not required for this type of research 




The course consisted of four 60-minute sessions, scheduled on different days to maximize learning 26, 
27. The four training sessions were performed within 3 weeks, with no more than one training session 
scheduled on a single day (distributed practice). Previous research demonstrated similar retention of 
a complex surgical motor skill for a weekly and a monthly training schedule28. We do not expect 
different time intervals between sessions to result in significant performance differences.  Self-
selected groups of three students scheduled their sessions in an online calendar. Participating 
students were assigned a random login code to the VR simulator to ensure anonymity. During each 
session, students would rotate along the VR trainer station, the Fundamentals of Laparoscopic 
Surgery (FLS) trainer station, and a support station to assist the student at the FLS trainer station with 
collecting performance data (which was not automated for this station as it was for the VR 
station)(figure 1). During the first session the students were introduced to the available training 
stations by one of the researchers. The other training sessions were not supervised. The participants 
started at the same training station every session.  
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During the first session students completed two digital questionnaires while they were at the support 
station: a digital demographics questionnaire including questions for previous laparoscopic 
(simulator) experience, and a digital version of the Eysenck Impulsiveness Inventory to collect 
information about impulsiveness.
Figure 1. Flowchart for a single training session. Participants always rotated between the stations in 
the same order and performed at each station once in each session. The total course consisted of 
four of these training sessions.
Training stations: The LapSim VR trainer and the FLS videotrainer
LapSim VR trainer station
At this station, during each session, students performed two series of the same four tasks on the 
LapSim VR trainer. The LapSim Virtual Reality trainer is a well-researched simulator and transfer of 
skills gained from training on the LapSim to operating room performance has been established 29-31. 
The series differed only in feedback emphasis: during one series, students received feedback via the 
simulator on duration only, and for the other they received feedback via the simulator only on 
damage parameters. Limited feedback for both damage and duration was given during the tasks. The 
screen glowed red when participants inflicted virtual damage, and in one of the tasks, subtasks 
would end if the participant acted too slow. Quantitative summary feedback in relation to normative 
expert values was given at the end of each task for either speed or damage, implementing our 
experimental conditions. This consisted of time in seconds for duration (time on task), number of 
damage inflicting incidents (tissue damage), and deepest virtual wound in millimeters (maximum 
damage). Students were split alphabetically by their last name into two equal-sized groups to start 
with either the speed series or damage-control series. Both series were completed during each 
session by all students. Students were informed of this design, and knew when they were training for 
speed or for damage control. The four tasks were ‘camera navigation’, ‘instrument navigation’, 
‘cutting’ and ‘lifting and grasping’. These are tasks where the student operates the camera or uses 
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instruments such as a grasper or a ligation device in a simulated abdominal cavity to complete 
simple, non-procedural exercises involving simulated blood vessels, gall stones and suturing needles. 
Detailed descriptions of the tasks can be found at the website of Surgical Science 32.  
FLS videotrainer station 
To prepare students for their surgical rotation they also trained on the FLS trainer, but this data was 
not used for this research. On this videobox trainer students trained basic skills. Performed exercises 
were ‘peg-transfer’, ‘pattern cutting’ and ‘labyrinth drawing’. A description of the first two tasks can 
be found at the website of Fundamentals of Laparoscopic Surgery 33. The last exercise is a self-
developed task where students have to trace a path through a labyrinth using a marker attached to a 
laparoscopic instrument, designed to learn to anticipate the amplification of movement caused by 
working over a fulcrum with the laparoscopic instruments. The third student who was not training at 
a training station recorded the performance of the student practicing at the FLS videotrainer station 
to help them monitor progress. 
Simulators and apparatus 
The LapSim VR trainer station consisted of a desktop computer connected to Simball Hardware (G-
coder Systems, Västra Frölunda, Sweden), running Surgical Science’s LapSim® Virtual Reality 
Simulator training software v.3.0 (Göteborg, Sweden). This is a validated VR simulator designed to 
teach basic skills and some laparoscopic procedures29, 34, 35. Data was saved and stored in Microsoft 
Excel 2007 and analyzed with IBM SPSS Statistics for Windows, Version 22.0 (Armonk, NY: IBM Corp).  
The FLS videotrainer is a validated box trainer developed by SAGES and ACS 36-38. This box trainer was 
connected to a 17-inch Philips LCD monitor.  
A laptop running windows 7 was installed for the students to complete the questionnaires. 
Questionnaires were created with Limesurvey Version 1.92+, a web application to create surveys. 
The Eysenck Impulsiveness Inventory consists of 63 yes-no questions and was developed in 1978 by 
S. B. G. Eysenck and H.J. Eysenck for the measurement of three primary personality traits; 
impulsiveness, venturesomeness, and empathy 39-41. Examples of these questions are “Do you often 
buy things on impulse?”, “Do you generally do and say things without stopping to think?” and “Do 
you often change your interests?”. Previous studies demonstrated good scale reliability for 
impulsiveness for this broadly used test, with a Cronbachs alpha ranging between 0.82-0.84 for 
impulsiveness40, 42. Reliability for venturesomeness and empathy demonstrated questionable to good 
reliability, with Cronbachs alpha ranging between 0.65-0.85. 




Data preparation/ Analysis 
Data on the LapSim was automatically registered by the simulator. The parameters instrument time 
and tissue damage were included in data-analysis, as these are the primary outcome measures of 
this research. Instrument time records the total duration of an exercise, tissue damage records the 
number of instances virtual damage was created. The task ‘Camera navigation’ was used as warming-
up exercise and not analyzed. A p value of < .05 was considered significant. 
 
Shapiro-Wilk tests demonstrated that not all of the data followed a normal distribution. For damage 
this was caused by a floor effect, as participants did not always created damage, which happened 
most often during the last training session. For time it was caused by a ceiling effect for the exercise 
‘instrument navigation’, as there was a maximum time-limit which was reached by 21.3% of the 
students during the first session. During the remaining sessions this limit was reached by less than 2% 
of the students. Wilcoxon signed ranks tests were performed to compare the two training series. This 
was done for every exercise and session separately. 
Two participants had limited laparoscopic camera assistant experience. Their performance however 
was between the first and third quartile for both damage control and speed, and their performance 
data was kept in the dataset. The other participants reported no laparoscopic experience, ensuring 
equal experience levels.  
 
The Eysenck Impulsiveness Inventory measures impulsiveness, venturesomeness, and empathy. 
Impulsiveness has been shown to correlate with dangerous behavior in traffic, aviation and decision 
making7-12. As far as we know, for empathy and venturesomeness such links have not been 
demonstrated. Additionally, the locus of this study was a single-user laparoscopic basic skills course 
with simple, predictable exercises. In contrast to the more socially and technically complex 
environment of the operating room, we did not expect empathy or venturesomeness to affect 
training outcomes. To not negatively impact the power of our study by introducing additional 
variables, we focused on the personality trait of impulsiveness in this study. Impulsiveness scores 
were calculated at the end of the data-collection phase to prevent information bias for both students 
and researchers. 
 
Based on the results of the Eysenck Impulsiveness Inventory the students were divided into two 
experimental groups after data collection, a group of low impulsiveness and a group of high 
impulsiveness. The low-impulsiveness group consisted of all the students that scored equal or lower 
than the median score, the high-impulsiveness group of all students that scored higher. There were 
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no significant differences in the distribution of the impulsiveness-groups between the starting order 
of the training stations or training series. 
To examine if students of high-impulsiveness and low-impulsiveness are equally suitable for this type 
of adaptive training, we compared the effect of altered feedback between the two groups. To do 
this, we subtracted performance parameters of the training series with emphasis on damage control 
from the performance parameters of the training series with emphasis on speed. The resulting 
differences were than compared between the two impulsiveness-groups with Mann-Whitney U tests. 
This was done for both speed and damage, for every exercise and session separately. 
RESULTS 
Participants 
A total of 83 students participated (Table 1). Of these students 62.7% completed all four sessions. 
Due to technical issues, data for two students was lost. Data of the remaining 81 participants were 
analyzed. Age ranged between 21-30 years (mean 23.6 years) and 26 participants were male (32.1%). 
The preferred hand was the right hand for 74 participants (91.4%). The groups of high- and low 
impulsiveness students did not differ for age, sex, preferred hand, and laparoscopic experience. 
Table 1. Summary of characteristics of study participants 
Group Total Low-impulsive High-impulsive 
Number n=81 n=41 n=40 
Sex 26/81 male (32.1%) 12/41 male (29.2%) 14/40 male (35.0%) 
Age 23.9 years (21-30 years) 23.3 years (21-30 years) 23.8 years (21-29 years) 
Preferred hand 74/81 right hand (91.4%) 37/41 right hand (90.2%) 37/40 right hand (92.5%) 
Laparoscopic experience 2/81 (2.5%) 1/41 (2.4%) 1/40 (2.5%) 
Differences in performance between the two training series 
Comparisons for performance on speed and on damage, within both the speed and damage feedback 
series, are shown in Figure 2. Participants were significantly faster when given performance feedback 
for speed for all exercises in all sessions; Participants performed also significantly safer when given 
performance feedback for damage, with the exception of the ‘Lifting & Grasping’ exercise during the 
first session (Table 2).  











Table 2. Results of the Wilcoxon signed ranks tests comparing performance of every task 
between the two training series; speed versus damage control 
 Instrument navigation 
  Total time Tissue damage 
  session 1 session 2 session 3 session 4 session 1 session 2 session 3 session 4 
Z-value -4,20 -6,03 -6,57 -5,70 -3,71 -5,50 -6,27 -4,97 
Significance ,00 ,00 ,00 ,00 ,00 ,00 ,00 ,00 
  Lifting & Grasping 
  Total time Tissue damage 
  session 1 session 2 session 3 session 4 session 1 session 2 session 3 session 4 
Z-value -3,52 -2,81 -4,01 -4,30 -1,58 -4,59 -5,38 -4,39 
Significance ,00 ,01 ,00 ,00 ,11 ,00 ,00 ,00 
  Cutting 
  Total time Tissue damage 
  session 1 session 2 session 3 session 4 session 1 session 2 session 3 session 4 
Z-value -3,73 -3,57 -2,50 -2,72 -2,14 -3,90 -4,03 -3,82 
























































































































































































Influence impulsiveness on performance differences between the two training series 
Differences in performance between the two training series did not differ between the low and high-
impulsiveness group for any task or session (Figure 3). Even when comparing the first quartile of 
students of low-impulsiveness to the fourth quartile of students of high-impulsiveness no differences 










































































































































































































































In adaptive training, task variables and task complexity change throughout the training experience to 
provide the trainee with an optimal challenge. Adaptive training optimizes training effectiveness and 
efficiency as it can accommodate individual differences between trainees in their path towards 
competency. Adaptive training systems have been proven effective in areas such as improving 
memory, rehabilitation, and x-ray screening 18-22. There are several ways to implement adaptive 
training; for example gaming related levels that increase in difficulty based on the player’ skills level 
(seen in serious games 24, 43, 44), or individual trajectories that steer trainees toward tasks designed to 
remedy specific lapses in skills or knowledge. In this study, we have established the potential use of 
selective performance feedback to implement adaptive training for surgical skills. 
In earlier research we established the effect of impulsiveness on laparoscopic simulator performance 
4. High-impulsiveness students created more damage but were not faster in various basic skills tasks. 
As damage control is a major goal of surgical skills training, adaptive training could optimize training 
efficiency by emphasizing damage control related feedback for students of high impulsiveness. This 
could be straightforward to implement, as we found in this study that trainee performance was 
strongly biased towards either speed or damage control by the type of feedback they received, 
regardless of trainee impulsiveness status. 
Finding that impulsiveness does not impact the effect of selective feedback contrasts with earlier 
research that found different personalities react differently to adaptive training, with personality 
traits such as openness to experience and neuroticism correlating positively with adaptive training 
outcomes 45. Personality is a multi-faceted construct, as is surgical performance, and more studies 
are needed understanding the relations between this source of individual differences and surgical 
performance. Of special interest would be to study the relation between personality and operating 
room performance, where team functioning is an additional variable likely to be affected by 
personality. This relation would remain undetected during simulator skills training, which typically 
happens on an individual basis. 
 
Limitations 
Our study has a few limitations. The task ‘instrument navigation’ has a time limit and shuts down if 
the items of the task are not completed before the limit is reached. During the first training session 
only, 21.3% of the students were not able to finish this task in the allotted time span. As a 
consequence, performance differences for this task during this session are smaller than they would 
have been under unlimited temporal conditions. Despite this limitation we found large and 
significant differences in performance on this task and session under selective feedback. 
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Also, we did not exclude students who did not complete all four sessions and this could potentially 
be a source of bias. Incomplete courses were mostly caused by time constraints of the students and 
resulting scheduling conflicts. However, we cannot exclude the possibility of self-selection by high-
performing, highly motivated students to finish the course. This could potentially cause a bias 
towards higher performance during session 3 and 4. To assess the likeliness of this scenario, we 
compared performance during the first two sessions for students who would finish the course and 
those who would not. We did not find differences in performance for these groups and thus 
performance bias caused by self-selection is not likely to have impacted our results. As this study was 
performed in an educational setting at the internship stage without proficiency-based criteria, it is 
not immediately clear what the ramifications are for the operating room, and follow-up translational 
work is needed. However, studies such as ours show that setting explicit goals followed by 
summative feedback does impact performance, and this ultimately can contribute to the culture of 
safety in and out of the operating room.  
Students knew whether they were training speed or damage control, which could make it 
conceivable that performance differences were not caused by the different feedback,  but simply 
because the participant tried to perform faster or with lesser damage. However, in an unpublished 
pilot study where students were solely instructed to focus on either speed or damage control and 
feedback did not differ, we did not found differences in performance in the data. Therefore, we 
expect differences in performance between the two training series in this study to be caused by the 
different feedback. 
Future research 
We are only starting to understand the relations between individual differences and surgical 
performance. We have begun to study impulsiveness, relevant for damage control 4, 7-12, 46, but other 
individual differences need to be taken into account as well. Personality includes more aspects than 
just impulsiveness which need to be investigated. Also, for the spatially challenging aspects of 
minimally invasive surgery for instance visuospatial ability is a relevant individual difference 47. Team 
dynamics in the operating room are likely to be impacted by personality, and ‘Big Fife’ personality 
traits need to be studies in this context (as has been done in fields such as product design and 
nuclear powerplant operation 48, 49). The better we can predict surgical performance based on 
individual differences, the more efficient and effective our adaptive training systems can be.  
Research in this area however would be complex, requiring large datasets to address the relations 
between the many variables of interest. An approach to speed up this effort might be to use digital 
simulation training and digital testing for relevant individual differences in a multi-institutional effort 
to collect the required data. Given the dynamic, complex, and incomplete nature of such data, a 




machine learning approach based on Bayesian network modeling would be necessary to expedite the 
analysis of such data 50. Dynamic, real-time analysis and modeling would open up exciting 




Targeted, selective feedback on selected performance measures can be used to alter training focus 
and performance. Trainee impulsiveness did not modulate this effect, and selective feedback can be 
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Laparoscopic suturing can be technically challenging and requires extensive training to achieve 
competency. To date no specific and objective assessment method for laparoscopic suturing and knot 
tying is available that can guide training and monitor performance in these complex surgical skills. In 
this study we aimed to develop a laparoscopic suturing competency assessment tool (LS-CAT) and 
assess its inter-observer reliability. 
Methods 
We developed a bespoke CAT tool for laparoscopic suturing through a structured, mixed methodology 
approach, overseen by a steering committee with experience in developing surgical assessment tools. 
A wide Delphi consultation with over twelve experts in laparoscopic surgery guided the development 
stages of the tool. Following, subjects with different levels of laparoscopic expertise were included to 
evaluate this tool, using a simulated laparoscopic suturing task which involved placing of two surgical 
knots. A research assistant video recorded and anonymised each performance. Two blinded expert 
surgeons assessed the anonymised videos using the developed LS-CAT. The LS-CAT scores of the two 
experts were compared to assess the inter-observer reliability. Lastly, we compared the subjects’ LS-
CAT performance scores at the beginning and end of their learning curve. 
Results 
This study evaluated a novel LS-CAT performance tool, comprising of four tasks. Thirty-six complete 
videos were analyzed and evaluated with the LS-CAT, of which the scores demonstrated excellent 
inter-observer reliability. Cohen’s Kappa analysis revealed good to excellent levels of agreement for 
almost all tasks of both instrument handling and tissue handling (0.87; 0.77; 0.75; 0.86; 0.85, all with 
p<0.001). Subjects performed significantly better at the end of their learning curve compared to their 
first attempt for all LS-CAT items (all with p<0.001). 
Conclusions 
We developed the LS-CAT, which is a laparoscopic suturing grading matrix, with excellent inter-rater 
reliability and to discriminate between experience level. This LS-CAT has a potential for wider use to 
objectively assess laparoscopic suturing skills. 






Over the past two decades, Minimal Invasive Surgery (MIS) has expanded rapidly with more advanced 
surgical operations are now being performed laparoscopically. This often involves carrying out 
reconstructive procedures which requires the skills of performing laparoscopic suturing 1, 2.  
Training for laparoscopic suturing is an integral part of the laparoscopic surgical curriculum 3 and has 
moved from the operating room to a skills lab setting 4. Complex surgical skills such as laparoscopic 
suturing and knot tying are challenging due to the inherent limitations of MIS such as an altered depth 
perception, two-dimensional vision, ergonomic issues and the small working field 5, 6. 
Extensive training, therefore, is required to overcome these limitations and to achieve competency 
and is often based on the principle of modelling, repetitive practice and formative feedback 7. Surgical 
residents are currently more and more restricted in their clinical working hours, reducing their 
opportunities for gaining practical surgical experience. Therefore, assessment of performance is 
required not only to ensure competency but to guide and enhance the efficiency of learning 8. 
Assessment of laparoscopic suturing is traditionally dependent on subjective evaluation by trainers 
since objective evaluation has not yet been established.  
Several attempts to objectively assess laparoscopic suturing have been reported in literature including 
the use of virtual reality (VR) simulation, motion-tracking systems or check lists. The application of VR 
to objectively evaluate laparoscopic suturing skills can be challenging [3]. VR simulators are able to 
fully assess the trainees, but lack the important haptic feedback, needed for laparoscopic suturing 8. 
There are several studies which applied a motion-tracking system to real-time performance 6, 9 to 
objectively appraise the operative performance of this complex task, but this method is of limited 
generalisability and external validity. There are various other measurement tools available, but they 
vary in their objectivity, validity and reliability 10. Mandel et al. mentioned the importance of 
immediate and specific feedback during training and suggests the use of task-specific and global 
checklists for both learning and self-assessment 11. 
A competency assessment tool (CAT) is a method to assess laparoscopic performance, by describing 
specific steps in the process of the specific task and evaluates both the process of performance 
(instrument use, tissue handling, and committed errors) and the quality of the end product. The CAT 
tool has been successfully applied to approve the quality of training in the English National Training 
Programme for laparoscopic colorectal surgery 12. Considering the importance of laparoscopic suturing 
and its wide application within the practice of MIS, there is a clear need for an objective assessment 
tool that can reliably appraise the operative performance of such complex technique. We therefore 
aimed to develop a bespoke CAT for laparoscopic suturing and assess the reliability of the tool by 
assessing the inter-observer reliability. 
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MATERIALS AND METHODS 
 
Development of competency assessment tool 
The development of the laparoscopic suturing CAT (LS-CAT) was performed with a structured, mixed 
methodology approach and overseen by a steering committee with experience in developing surgical 
assessment tools and objective assessment of laparoscopic rectal surgery. A wide Delphi consultation 
with over twelve international experts in laparoscopic suturing guided the development stages of the 
tool. The steps were standardized and agreed first prior to defining the task areas for assessment with 
the tool. Based upon an expert consensus, we deconstructed the procedure into a series of constituent 
steps. The final model of the LS-CAT was adapted  from the original CAT for assessing colorectal surgery 
12. 
Next, we used a semi-structured interview framework allowing the experts freedom to express their 
thoughts and explore ideas, whilst also enabling the interviewer to ensure the necessary information 
was covered 13. Open questions were used to determine what indicators of performance the expert 
would look for to assess technical performance of laparoscopic suturing. Additionally, for each task 
area, two video clips were prepared for the expert to reflect upon the technical performance displayed. 
A research assistant transcribed the interviews verbatim and analyzed them using qualitative methods. 
After coding and grouping of the statements and until thematic saturation was achieved, the thematic 
analysis was performed. We collated descriptors of poor and proficient performance from the 
transcripts and triangulated them into the specific procedural tasks to which they applied to generate 
the assessment metrics for the draft tool. 
The draft of the LS-CAT consisted of four agreed task areas, reflecting steps of the procedure described 
in the expert consensus. Based on the interviews and error analysis, we developed objective 
descriptors for each task and refined them through discussions amongst the steering group. To 
describe the quality of technical performance for each domain (four) for each task area (two) a four-
point ordinal scale was used, where a lower score indicates a more proficient technical performance 
and a high score (four) a poor performance. A total LS-CAT score of eight indicates a perfect and 
proficient performance, because one point was scored on both items in each task, without errors 




Training took place at the Radboud University Medical Center, Nijmegen. During the first training 
session, a research assistant was available to instruct subjects prior to conducting the laparoscopic 
suturing tasks. The research assistant video recorded and anonymised each performance but was not 




involved in the LS-CAT scoring process. Each participant performed the suturing tasks multiple times 
to train along a learning curve.  
The LS-CAT was evaluated using the following suturing task: 
- A standard suturing task. The participant had to place two surgical knots on a suturing pad in 
a horizontal plane (double wind followed by two single winds to create a secure surgeon’s 
knot) with a standard length of 20-cm thread. If the thread of a suture was too short to reuse 
after being cut by the research assistant, a new suture would be placed on the suture pad. 
 
Training subjects  
Subjects were divided into three groups based on their self-reported laparoscopic experience: (1) 
novices were subjects without clinical experience but with understanding of the concept of 
laparoscopy such as medical interns and first-year residents, (2) intermediates with more than ten 
basic laparoscopic procedures performed but less than twenty advanced laparoscopic procedures and 
(3) experts with more than twenty advanced laparoscopic procedures performed, therefore consisting 
of residential surgeons in staff. Because the novices were training on their learning curve, the videos 
of the end of the learning curve were used as a fourth group . 
 
Protocol 
All participants signed an informed consent for the video recording of their task performances prior to 
the start of the training. When all participants finished the training, we analyzed 36 videos from the 
bulk of all participants’ performances, after which two blinded expert surgeons completed the LS-CAT 
independently of each another. Both experts had experience using the original CAT tool 14, but had not 
used the adapted version for laparoscopic suturing before. Participation was on voluntary basis and 
subjects received no compensation. No IRB approval was needed for this study. 
 
Equipment 
The eoSim-augmented reality laparoscopic simulator by eoSurgical ltd., Edinburgh, Scotland, United 
Kingdom, was used in this study, in a standard setup (Fig. 1). This setup consisted of the eoSim 
laparoscopic case with an internal-mounted high-definition camera and standard supplied equipment 
that consists of laparoscopic instruments, needle holders, a suturing pad, a thread transfer platform 
and a box with standard exercise equipment, combined with a 15-inch laptop with the required 
specification as recommended by eoSurgical and the eoSurgical Surgtrac software installed. The 
tracking camera, that is mounted in the case, was connected to the laptop via USB 2.0 and used to 
record each performance of the participant. For every participant, the height of the laptop screen was 
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adjusted to the proper height with the laparoscopic box being placed on a standard height table. 
Participants used a 30-mm curved needle braided thread suture to perform the task.  
Figure 1. The eoSim-augmented reality laparoscopic simulator interface. 
Statistical analysis 
All statistical analyses were performed with IBM’s SPSS statistics v.25 package. First the total scores 
for instrument handling, tissue handling and the amount of errors were calculated. Following, the 
inter-observer reliability was assessed by using Cohen’s Kappa analysis for the task scores of 
instrument handling and tissue handling. A κ>0.75 was considered as an excellent agreement 15. The 
inter-observer reliability for the calculated total scores between the two observers was assessed using 
the Pearson correlation, on a 2-tailed significance level of p<0.01. An r≥0.8 was considered a high 
correlation 16. Lastly, the performance scores at the beginning and end of the learning curve within the 
novice group were compared using the Mann-Whitney U test. This process was conducted by three 
independent researchers who were not involved in the scoring process using the filled in LS-CAT forms 
of the observers (EL calculated the total scores, SMBI conducted the statistical analyses, WMIJ 
repeated both processes as a final check). 






Development of competency assessment tool 
The final LS-CAT is presented in Fig. 2. Two vertical columns represent task areas, and four horizontal 
rows represent the performance domains: giving a total of eight separate items which are scored on a 
scale of 1-4, where a lower score indicates a more proficient technical performance and a total score 
of eight indicates a perfect and proficient performance. The third column represents the amount of 
errors which is scored on four domains for each task resulting in 16 separate items.  
Four tasks were agreed on and defined from the consensus document for assessment with the tool: 
(1) pick up needle in correct orientation to make bite; (2) pass needle through two edges of tissue with 
appropriate bite placement and tissue handling; (3) create first double wind/throw of the knot and 































All participants were able to finish the suturing task. In total, 36 videos of eighteen participants were 
randomly collected and were scored independently by the two objective observers (observer A and B). 
Of these participants, seventeen were novices and one was an expert. Mean scores for each separate 
item are presented in Table 1. Cohen’s Kappa analysis revealed good to excellent inter-rater agreement 
scores for almost all tasks of instrument handling and tissue handling (0.87; 0.77; 0.75; 0.86; 0.85, all 
with p<0.001, Table 2). The LS-CAT total scores demonstrated excellent inter-observer reliability for 
instrument handling (r=0.98, p<0.001), tissue handling (r=0.86, p<0.001), errors (r=0.99, p<0.001) and 
the total assessment score (r=0.98, p<0.001). An overview with more detail is presented in Table 3. 
 
Table 1. Scores of the separate items on the LS-CAT. The values are stated in means and standard 
deviations 
 Instrument handling Tissue handling Errors 
A B A B A B 
Pick up needle in correct 
orientation 
2.7 (0.8) 2.6 (0.8) 2.4 (0.6) 2.3 (0.7) 0.9 (2.0) 0.9 (2.3) 
Pass needle through edges 
of tissue 
2.5 (0.7) 2.5 (0.8) 2.3 (0.7) 2.3 (0.8) 0.5 (0.9) 0.5 (0.8) 
Create first double throw 2.3 (0.8) 2.4 (0.9) 2.3 (0.7) 2.3 (0.6) 0.2 (0.4) 0.1 (0.3) 
Knot tying 2.5 (0.9) 2.4 (0.8) 2.4 (0.7) 2.3 (0.7) 0.5 (0.6) 0.4 (0.5) 
Total score 10.0 (2.8) 9.9 (3.0) 9.4 (2.3) 9.1 (2.4) 2.1 (3.2) 1.9 (3.2) 
A observer A, B observer B 
 





 κ p κ p 
Pick up needle in correct orientation 0.87 <0.001 0.86 <0.001 
Pass needle through edges of tissue  0.77 <0.001 0.51 <0.001 
Create first double throw 0.73 <0.001 0.85 <0.001 





Table 3. Correlations between the total scores of the items 
 Observer A Observer B r p 
Instrument handling 10.0 (2.8) 9.9 (3.0) 0.98 <0.001 
Tissue handling 9.4 (2.3) 9.1 (2.4) 0.86 <0.001 
Total score 19,4 (4.9) 19.0 (5.2) 0.96 <0.001 
Total errors 2.1 (3.2) 1.9 (3.2) 0.99 <0.001 
Total assessment score 21.4 (7.1) 20.9 (7.5) 0.98 <0.001 
This is calculated with Pearson correlation, on a 2-tailed significance level of p<0.01 
 
Performance scores 
Within the novice group, subjects performed significantly better at the end of their learning curve 
compared to their first attempt for all items on the LS-CAT as assessed by both observers. Overall 
scores are significant for all tasks: instrument handling (p<0.001); tissue handling (p<0.001); pick up 
needle in correct orientation (p<0.001); pass needle through edges of tissue (p<0.001); create first 
double throw (p<0.001); knot tying (p<0.001); total amount of errors (p<0.001) and the total 
assessment score (p<0.001). A full overview of subjects’ mean scores and statistics by observer A and 





















Table 4. Score comparisons of the first attempt and the last attempt of the separate LS-CAT items as 
assessed by the Mann-Whitney U test 
 Observer A Observer B 










Instrument handling 27.06 9.94 8.00 <.001 27.19 9.81 5.50 <.001 
Tissue handling 26.97 10.03 9.50 <.001 26.17 10.83 24.00 <.001 
Pick up needle in 
correct orientation 
27.31 9.69 3.50 <.001 27.00 10.00 9.00 <.001 
Pass needle through 
edges of tissue 
25.64 11.36 33.50 <.001 25.58 11.42 34.50 <.001 
Create first double 
throw 
25.94 11.06 28.00 <.001 26.06 10.94 26.00 <.001 
Knot tying 26.17 10.83 24.00 <.001 25.53 11.47 35.50 <.001 
Total errors 25.94 11.06 28.00 <.001 25.19 11.81 41.50 <.001 




Laparoscopic suturing is considered as an essential skill that is required in advanced MIS techniques. 
Currently, there are no reliable tools that are widely used, to objectively appraise performance in this 
advanced technique. This is required to influence and promote training and ascertain competency. 
Mandel et al. already suggested the incorporation of task-specific checklist, which has been 
incorporated in the CAT method with success 11. The incorporation of this checklist was even accurate 
for self-assessment 14, which is an important finding, because the usability for self-assessment reduces 
costs and workload for expert instructors 14, 17. 
The original concept of CAT has been proven successful to reliably assess technical performance 12. 
Based on the method used for the original CAT development, we developed a bespoke laparoscopic 
suturing competency assessment tool (LS-CAT) that describes and evaluates agreed specific steps in 
laparoscopic suturing. It evaluates both the process of performance (instrument use, tissue handling 
and committed errors) and the quality of the end product. Prior to using this new tool in surgical 
training, multiple criteria must be met, including reliability evidence 4, 18, 19. This study demonstrated 
excellent inter-observer reliability for all variables in the adapted CAT form for laparoscopic suturing. 
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Furthermore, a significant difference in performance was found for subject’ scores at the beginning 
and end of their learning curve, indicating the ability of the LS-CAT to discriminate between experience 
level within the learning curve. 
In the clinical setting, skills are often assessed by experts using the Objective Structured Assessment 
of Technical Skills (OSATS) form based on the overall performance 14, 20, 21. However, OSATS do not 
seem to provide any formative information on the separate skills that still needs to be improved or 
already is sufficient, which the CAT form does. There is also no clear demonstrated correlation between 
the OSATS score and outcome of the specific procedure that the resident or surgeon has performed 22, 
furthermore the trainee does not know which specific skills have to be improved. The scoring of tools 
like OSATS and its derivatives like the Global Evaluative Assessment of Robotic Skills (GEARS) or generic 
Global Operative Assessment of Laparoscopic Skills (GOALS) are not specifically designed to provide 
the information on the separate skills that are being trained.  
Other instruments such as a General Rating Scale (GRS) are considered a fair measurement tool, 
because of the adding of some more specific qualitative assessment parameters (rated on a five-point 
scale). When using video-recorded performances, this could enhance the objectivity in the ratings of 
both the OSATS and the GRS; however, these are still not as task specific as the CAT form. Another 
assessment method often used for surgical skills training (outside the clinical setting) is motion 
tracking, which is a highly objective measurement tool used in virtual and augmented reality, and the 
validity has been proven for numerous systems 19, 23. However, the quality of the overall task 
performance might not be assessed sufficiently, because the parameters used are often abstract and 
not translated to the actual performance of the procedure. Parameters such as ‘path length’ or 
‘economy of motion’ and ‘time ’ are used, which are not informative of the outcome of the task 24. 
These parameters might give an insight in the expertise level of the trainee, but they do not provide 
information on the accuracy of the task or the final product to indicate competency. Furthermore, a 
motion-tracking system seems to be limited to research centers with available resources, which limits 
its wider use. The mentioned shortcomings of these assessment methods are not present in the LS-
CAT and it requires very little resources and can be generalizable in the assessment and training of 
laparoscopic suturing skills. Therefore, we think it has the potential as an objective performance 
assessment for laparoscopic suturing. 
Another method for assessment along this model is the Crowd-Sourced Assessment of Technical Skills 
(C-SATS), which is a type of video assessment performed by large numbers of anonymous online raters 
10. These raters are self-selected from broad sections of the public, thus not every rater may have a 
medical background. Multiple studies have shown that the inter-observer reliability of a large group of 
non-expert observers was even better than a smaller group of expert observers for the assessment of 
surgical performance 25-27 which suggest this method could be used as an assessment tool in surgical 




technical skills education. The combination of C-SATS with the CAT method could be a powerful mix in 
terms of time management and cost effectiveness. Both the potential of C-SATS and the usability for 
self-assessment of the (LS-) CAT form need to be researched in future studies, to fully understand their 
potential benefits to provide a directive and focused assessment for laparoscopic suturing.  
A limitation of this study is that the tool was designed to facilitate categorical qualitative appraisal of 
skill areas within a series of tasks. Whilst this makes it an effective adjunct to breakdown the task for 
delivery of constructive feedback on performance, there are certain assumptions that may impact 
upon its use for summative assessment. There is an assumption that performance in each skill domain 
and each task is of equal importance (weight) to the overall performance of the procedure. 
Additionally, the assessment metrics used for the tool were defined by the authors in discussion with 
experts; however, there may be aspects of performance that were not identified and thus are not 
evaluated in the current tool. Therefore, other studies are required to validate the tool and clarify its 
role within the training curriculum for laparoscopic surgery.  
 
CONCLUSION 
We developed the LS-CAT, which is a laparoscopic suturing grading matrix to objectively assess the 
technical performance of laparoscopic suturing, with an excellent inter-rater reliability and the ability 
to discriminate between experience level within the learning curve. Although the LS-CAT satisfies many 
of the requirements of a useful assessment tool with potential application for summative assessment 
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The results of studies in this thesis are a call for action to transform laparoscopic skills training. We 
currently use standardized laparoscopic simulation training programs to train basic skills until an 
‘expert level’ is reached but ignore individual differences in learning ability and prioritize training for 
speed over training for safety. These outdated teaching and learning concepts are incompatible with 
surgical trainees' individual needs and modern educational insights. This thesis is about making 
laparoscopic skills simulation training more appealing and effective through bespoke serious gaming. 
Concurrently, we address more individualized laparoscopic skills training. 
 
Serious gaming as a training modality for laparoscopic skills training 
Serious games are designed to be attractive and appealing to a broad target audience, similar to 
conventional videogames, and to meet specific educational goals. We performed multiple studies 
with Underground, a serious game for laparoscopic skills training, which is, as far as we know, the 
only serious game available for laparoscopic skills training. Similar to traditional simulators, trainees 
can develop their laparoscopic psychomotor skills in Underground in a safe environment that does 
not involve actual patients. However, the game's fun and entertaining aspects add to its motivational 
properties, making it appealing for learning, which is less evident in laparoscopic simulators 1. Some 
of the additional benefits of serious games are 1) the possibility to incorporate multiplayer 
functionality with opportunities for collaborative learning, 2) the possibility to use the serious game 
at a time and place that suits the trainees, 3) the repetitive character of serious gaming, prolonging 
interaction time, 4) less lecturer involvement and 5) monetary savings 2-4. We believe that the 
potential of serious gaming for laparoscopic skills training lies in this combination of education and 
entertainment. Consequently, we think it is important to take both into account when validating 
serious games for laparoscopic skills training purposes. 
 
The educational impact of Underground 
The educational impact can be evaluated by assessing the player’s performance and progress within 
the game and whether transfer of skills to validated training modalities can be established. The 
serious game's main goal(s) should be clearly defined and measurable, and the serious game must 
include assessments reflecting learning progress and outcomes 5. However, skills learning is a 
complex construct making it difficult to measure. Determining whether a serious game effectively 
achieves the intended learning goal(s) is even more complex, something that we encountered with 
Underground 6. Underground displays goals reached at the end of a game level, e.g., the number of 
robots that have been saved. Each level comes with new elements and greater difficulties whereby 
knowledge and skills from the previous levels (e.g., how to use a specific laparoscopic instrument) 
are necessary to move on in the game 7, 8. This seems an effective educational strategy as reported 




for other serious games, however, it does not provide the trainee with direct feedback in the context 
of laparoscopic skills training 9. In-game assessment, whereby the player concentrates solely on the 
game, is less intrusive and less obvious, and has been described as ‘stealth’ learning 9-12. We think 
that this mechanism is well incorporated in Underground as transfer of skills from Underground to 
validated laparoscopic simulators has been established 13, 14. 
 
Early in our studies we recognized that Underground lacks informative performance and progress 
metrics, and lacks a framework of educational goals for skills development. To improve assessment 
of laparoscopic performance in our studies, we introduced novel performance variables to measure 
duration and error 13, 15. These data had to be manually collected. The use of variables that are not 
built-in as standard in the game was labor-intensive and would be challenging when implementing at 
a larger scale in a skills training curriculum. Future (re)designs of serious games for laparoscopic skills 
training should include performance metrics and well-defined game mechanics (e.g., score, level, 
leaderboard, bonus, performance indicators) that are consistent and inspired by learning goals 5. A 
more inclusive design process, co-creating with students, content experts (surgeons), educationalists, 
and experts from the videogame industry may help unlock the full potential of serious gaming for 
learning and training. 
 
The entertainment impact of Underground 
Serious games have similar features as conventional videogames, entertaining players and creating a 
“fun factor” that keeps the player’s interest high 16. Gaming elements that are known to increase the 
entertainment impact, such as a story mode, a scoring system, game levels of increasing difficulty, 
and a bonus system, are all incorporated into the serious game Underground 17-20. When asked to 
reflect on their experiences playing Underground, residents reported that they loved the concept of 
serious gaming, that they enjoyed playing, and would endorse this way of laparoscopic skills training 
8. These results correspond with other reported face validity data 21, 22. Encouraged by this feedback 
we made a few Underground simulators readily available and accessible for voluntary laparoscopic 
skills training by surgical, urological, and gynaecological residents. Surprisingly, the serious game was 
barely used, similar to ‘non-spontaneous use’ of our standard laparoscopic simulators. This is in line 
with reports of voluntary laparoscopic simulator training at other hospitals 8, 23. An approach to 
improve utilization rates of Underground could be adding other gaming elements that are known to 
increase user engagement, such as a competition or a multiplayer mode 23-25. Bringing a simple 
competition element into current laparoscopic curricula led to an increased participation rate of up 
to 30% in several observational studies 23. For Underground however, we do not expect a significant 




We offered each resident the possibility for voluntary Underground training because repetitive basic 
skills training would benefit each PGY trainee in their own way (e.g., beginners would learn hand-eye 
coordination and bimanual instrument handling, more experienced trainees would improve speed 
and safety or use the game for warming-up). Feedback revealed that more experienced residents 
prefer training in practice, performing laparoscopy in the OR, also due to perceived restrictions in 
time and clinical workload to train on the simulator 25-27. Frequent remark heard is ‘to combine the 
useful with the pleasant’ regarding training in practice. Additionally, these residents focus more on 
mastering advanced laparoscopic procedures, not seeing how repetitive basic skills training could 
serve that purpose. Possibly, the positioning of Underground as basic laparoscopic skills training 
contributed to this attitude towards voluntary use of Underground. We hypothesize that positioning 
Underground as a plug and play warming-up tool, just before an operation, would increase voluntary 
use by senior residents. The incentive could be even higher when the supervising surgeon is 
simultaneously preparing with the serious game next to the resident. 
 
Reasons for low compliance to voluntary Underground training by first and second-year residents 
seem more complex. Although the same time restrictions and clinical workload may apply, we 
believe that the prevailing opinion of the surgical community to first complete a mandatory basic 
laparoscopic skills course before performing the first laparoscopic cholecystectomy in the OR, has 
distracted attention away from the importance of repetitive voluntary training for skills maintenance 
and automation after a course. Once passed, ‘training in the OR’ seems to be given a higher priority, 
even when follow-up simulation training is mandatory 24, 28, 29. 
 
Implementation and redesign of Underground or other serious games 
For many years, surgical trainers have tried to increase (voluntary) utilization rates of laparoscopic 
training modalities through multiple interventions but with limited success 23. In contrast to the 
common opinion that residents would spend more time on voluntary training if only training was 
more fun and accessible, we found that the readily availability of Underground did not result in an 
increase in voluntary training time 8, 30, 31. We still endorse the concept of serious gaming, and we 
believe Underground is a welcome addition to the arsenal of laparoscopic skills training modalities 
due to its face-, construct-, and concurrent validity. Surgical residents are willing to engage in 
laparoscopic skills training that motivates and has educational impact. We have learned that this 
cannot be achieved by solely increasing the ’fun factor’ of our equipment. We would encourage 
serious game designers to focus on the educational opportunities that lie hidden in real-time and 




specific performance feedback, dynamic content and adaptability, and options for customization and 
personalization. 
 
Although Underground was developed to mitigate repetitive single-user practice by introducing 
different game levels, Underground failed to introduce new game mechanics in each level. Both 
Underground and traditional laparoscopic simulators share the concern of assessing each exercise in 
a similar way, which is known to decrease a trainee’s interest in goal-oriented learning 32, 33. Also, the 
single-user design does not take problem-solving and team skills into account, which are increasingly 
considered relevant in skills training 34, 35. 
 
The dynamic content with multiple tasks at different levels in a serious game offers training and 
assessment opportunities not present in laparoscopic simulators. In serious games, variable content 
can be developed to accommodate a wider variety of educational goals. Outcome measurements can 
be defined according to the specific goal. Dynamic content, its related educational goals, and 
corresponding outcome measurements increase flexibility and personalization of training and of 
assessing and mastering laparoscopic skills. This variation and personalization may improve trainee 
performance compared to current uniform assessment of skills 33. For example, slow or low-
performing trainees can do different content with the same aim to keep them motivated to repeat 
the exercises until adequate performance. Conversely, fast-performing trainees can proceed to more 
complex content with different goals and outcomes measures or focus on automating skills. 
Additionally, the aspect of serious gaming described above, allow for labeled collection and analyses 
of large amounts of performance data that can be used to support the individual player by adapting 
the content to his/her performance at the right time 6, 36. 
 
Multiplayer serious games have not been explored yet for laparoscopic skills training. An advantage 
of such games would be the possibility to include an assistant or a supervisor during a skills training 
session. Such additional players may add elements to the training that reflect laparoscopy in the OR 
e.g., instructing proper use of camera and instruments, immediate feedback and correction, and 
team dynamics. 
 
Our results and the results published by colleagues in this field are promising, although more 
research is needed to optimize game design for maximum effectiveness, and to investigate how 
serious gaming for laparoscopic skills training can be optimally integrated in a surgical curriculum and 
practice. A threat might be that serious gaming becomes a distraction rather than a facilitator of 
learning, with the method “more memorable than the message.” Therefore, we emphasize that the 
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quality of the learning process must be the focus instead of the capabilities of the technology used 4, 
37, 38. With this in mind and with conducting research in performance variables that define, quantify 
and measure the learning experience and with content that can be contextualized for the individual 
player, we expect that the use of serious games for training and learning will grow 6, 39. 
 
Individualized laparoscopic skills training 
Individualized training is key to successful laparoscopic training but is mostly neglected in skills 
training curricula. It is generally agreed that individual differences based on cognitive ability, innate 
dexterity, and personality are of prime importance in ‘gauging’ a resident. Innate dexterity is thought 
to be the strongest determining factor in the level of technical skill that the individual can attain with 
training and experience 40. Research has shown that cognitive abilities such as visuospatial ability and 
psychomotor ability i.e., eye-hand coordination are somewhat related to operating room 
performance, especially laparoscopic surgery. Compared to open surgery, laparoscopic surgery 
requires additional skills to be able to successfully navigate challenges such as working over a fulcrum 
and coordinating the movements of your instruments based on the visual feedback on a monitor. 
Therefore, laparoscopic competency can be demanding and sometimes unattainable for the trainee. 
This is supported by studies showing that in laparoscopic simulation training, numbers up to 20% of 
surgical residents do not reach standard laparoscopic training goals by the end of their training 
period, while others are proficient early on 41-44.  
 
In this thesis, we have studied peer performance feedback and the personality trait ‘impulsivity’ as 
two potential denominators of individualization of laparoscopic skills training. 
 
Performance feedback in laparoscopic skills training 
We hypothesized in this thesis that residents should be guided through laparoscopic skills training 
with individualized performance feedback taking into account individual differences in acquiring 
knowledge and/or skills. In most training curricula, feedback is based on expert standards, which 
means that each task variable has a proficiency value that the trainee must achieve. This form of 
feedback is debatable, knowing that factors such as innate dexterity are likely to impact the process 
of skills acquisition: too lenient values may for some residents lead to insufficient training, overtly 
stringent values may cause some residents to spend unnecessary hours in training or to discourage 
them. Also, there is no standardized, well-controlled expert value generation method. As a 
consequence, these ‘expert’ datasets report different values for most of the same performance 
variables, leading to differences in length and focus of training courses, affecting the assessment of 
residents' skills level, and affecting training costs 45. We demonstrated that feedback based on stored 




peer performance data adds more appropriate context to the individual trainee with training session 
goals and end-goals compared to expert performance 46. Feedback based on averaged peer 
performance for a laparoscopic task is visualized by a curve, which provides more detailed, per-
session opportunities for self-reflection compared to a single expert proficiency value. A fictional 
example of these differences in feedback is shown for the variable time in figure 1. 
  
 
Figure 1. Example feedback windows with fictional data. In both A and B, the green line represents 
the individual learning curve of a trainee. In A, the blue line represents feedback based on expert 
standards (expert standards are typically generated in a single training session). In B, the red line 


















A. Training with feedback based on expert standards

















B. Training with feedback based on peer performance





We have shown that our software-based algorithm to generate automated peer performance 
feedback is easy to implement and effective in laparoscopic skills training 46. We observed that most 
trainees, possibly unconsciously, ‘selected’ one aspect of performance i.e., speed over error, 
regardless of the type of peer performance feedback displayed. Von Websky et al. did not observe 
such performance trade-off, which may be explained by the fact that they instructed their residents 
to train on safe surgery avoiding inadvertent damage 47. Taking together, we would advise the 
addition of a theoretical framework that emphasizes damage control before implementing an 
automated feedback algorithm. This might help trainees to properly contextualize and prioritize 
aspects of their performance 47-50.  
 
Computer-based training modalities such as serious games store trainees' performance data 
generated at each training session. These growing datasets could be used to generate automated 
feedback and contextualize trainee’ performance on an individual level. 
 
Personality traits in laparoscopic skills training  
Personality traits are another source of individual differences that is thought to impact individual 
surgical training performance. In general, surgical residents' personality traits differ from those of the 
general population, demonstrating most consistently lower neuroticism, higher extraversion, 
conscientiousness, and openness 51-54. Interestingly, the personality trait extraversion is related to 
impulsiveness, which is associated with dangerous behavior and adverse events in traffic and 
aviation 55-58. Research in psychology showed the same association between high impulsiveness and 
more errors 59. We found the same association in laparoscopic simulation training 60.  
 
We became interested in impulsivity because of its association with risky behavior and damage in 
other fields than medicine, acknowledging that personality traits such as extraversion and openness 
also have been related to technical performance (low extraversion-good performance, high 
openness-bad performance) 54. Conscientiousness, agreeableness, and neuroticism seem traits that 
are particularly relevant with regard to non-technical aspects of surgical performance (stress, risk-
tolerance, burn-out rates and job satisfaction) 54, 61, 62. Personality traits are also expected to play a 
significant role in non-technical skills such as anticipation, resource management, communication 
style, conflict resolution, decision making, and leadership which are important for safe surgical 
practice 52, 63. For basic laparoscopic skills training, it seemed appropriate to only study traits 
associated with technical performance, knowing that ‘beginners’ have difficulty focusing on technical 
and non-technical skills in the same educational session 64. However, for research in advanced 




laparoscopic skills training we do recommend to include other traits as well, because performance 
and outcomes in advanced laparoscopy depend relatively more on non-technical skills. 
 
Knowledge of the relation between personality traits and performance offers an opportunity to 
design personalized adaptive training programs. In adaptive training, task variables and task 
complexity change throughout the training experience and continuously challenge the trainee65. 
Adaptive training can accommodate differences in experience and personality between trainees, 
optimizing training effectiveness and efficiency. Adaptive training systems have been proven 
effective in other areas e.g. cognitive skills (memory), rehabilitation, and x-ray screening 66-68. There 
are several ways to implement adaptive training in laparoscopic skills training. We recently showed 
the effectiveness of an individual trajectory of selective performance feedback mitigating the 
negative effects of impulsiveness on damage control in laparoscopic simulator training 69. In a serious 
game for example, game-levels may increase in difficulty based on the player’ skills level (present in 
most conventional videogames) or individual trajectories may be developed that steer trainees 
toward tasks designed to remedy specific weaknesses in skills or knowledge 8, 36, 69, 70.  
 
In concordance with studies in comparable professions, our findings indicate that attention to 
personality traits results in an effective learning experience. However, ‘personality’ is a multi-faceted 
construct, as is surgical performance, and more studies are needed to understand their relationship. 
Such studies could elaborate on a single trait in basic laparoscopic simulation training or investigate 
combinations of traits in laparoscopic surgery in the operating theater, where non-technical skills are 
an essential part of the operative outcome. 
 
We belief that surgical training needs to be based on a framework that emphasizes safety. Feedback 
should be tailored to the trainee's skills level throughout the training/learning curve, for which 
automated feedback, as presented in our study, can be used. To optimize training efficacy, 
knowledge of the trainee’s personality could help to mitigate potential negative or enhance potential 
positive effects on performance by providing him or her with selective performance feedback. 
 
Structured assessment of laparoscopic skills training 
Performance assessment is a known tool to account for a trainee’s competency. Competency in 
laparoscopic simulation training was previously based on the number of repetitions performed or 
time taken by the trainee. These criteria, however, are crude and indirect measures of technical skill 
71, 72. An ideal assessment tool includes elements for immediate and specific feedback during training 
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and task-specific and global checklists for both learning and (self)-assessment at the end of the 
training 73.  
 
We developed a competency assessment tool (CAT) in laparoscopic skills training, which is a method 
to assess technical performance by describing the specific steps in the process of the specific task 
and evaluates both the process of performance e.g., instrument use, tissue handling, committed 
errors, and the quality of the end product 74. This tool was validated through a structured, mixed 
methodology approach and proven effective for assessing laparoscopic suturing 75. This method 
holds promise because it is generalizable, easily implemented in all types of training modalities, and 
usable during and after the training when the performance is recorded 6. However, the CAT has not 
been validated for contextualized assessment, considering personality traits and adaptive training. 
Also, the CAT has not been used for assessment in serious games. We foresee challenges using the 
CAT for immediate and individualized feedback by design of the games. Performance assessment 
afterwards is doable on video by recording the gameplay which is already common in conventional 
videogames to reflect on gameplay. The decisions that players take, reflected by in-game actions to 
address challenges, can be reviewed afterwards and used to appraise decisions and assess learning 
outcomes. 
 
(Re)designing a serious game may offer opportunities for individualized assessment 76. If the serious 
game consists of different scenarios that fit the learner’s profile, prior knowledge, and in-game 
actions, it should be possible to obtain ‘authentic’ assessment results, similar to findings in 
conventional videogames 77-79. It has been shown that personalized serious games can increase the 
effectiveness of achieving the learning goal compared to a "one-size-fits-all"- game 80. 
  
Despite numerous papers on the assessment of laparoscopic skills and attempts to define when a 
resident is ‘ready’ for performing a laparoscopic operation, we believe that this topic is still in its 
infancy 81-83. The potential of individualized and adaptive training, whether or not by serious gaming, 
should be used to explore new ways of individualized assessment. 
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Chapter one contains the general introduction and the outline of this thesis. Surgical education and 
surgical skills training change as a result of the development and introduction of new technologies, 
methods, and educational approaches. In this thesis, we studied the application of serious gaming, 
individualization, adaptive training, and structured assessment in laparoscopic skills simulation 
training. 
 
In Chapter 2 we studied the potential of serious gaming for laparoscopic skills training with the 
serious game Underground by assessing its concurrent validity. In a four-session laparoscopic basic 
skills training course, four cohorts, representing 107 participants, were assigned to either the serious 
game (Underground) group or the control group. The control group trained on the FLS video trainer 
and the LapSim virtual reality simulator for four sessions. The Underground group played 
Underground for three sessions followed by a transfer session on the FLS video trainer and the 
LapSim. To assess the effect of engaging in serious gameplay on performance on two validated 
laparoscopic simulators, initial performance on the FLS video trainer and the LapSim was compared 
between the control group (first session) and the Underground group (fourth session). The 
Underground group significantly outperformed the control group for all tasks on the LapSim but only 
a moderate correlation with Underground performance and FLS videotrainer performance was 
found. By demonstrating skills transfer between this serious game and a validated laparoscopic 
simulator, we speculate that serious gaming may become a cost-effective addition to the existing 
laparoscopic simulation training armamentarium.  
 
We elaborated on our previous results by establishing construct validity for the serious game 
Underground in Chapter 3. A total of 120 participants participated in this study. Based on their self-
reported laparoscopic experience we created three groups: novices (n=65), who had performed 
fewer than 10 laparoscopic procedures (typically surgical clerkship students and surgical house 
officers), intermediates (n=26), who had performed between 10 and 100 laparoscopic procedures 
(typically surgical residents), and experts (n=20), who had performed more than 100 laparoscopic 
procedures (typically laparoscopic surgeons). The performances of these groups on the Underground 
simulator were compared, controlling for gender and video game experience. Both experts and 
intermediates outperformed novices in terms of task completion speed; experts did not outperform 
intermediates. A similar trend was seen for the rate of gameplay errors. Both gender and video game 
experience modulated the variable ‘time’. After previous studies that established face validity, 
concurrent validity, and partial construct validity, we now have provided additional construct validity 
for this serious game. We contribute to the evidence that the serious game Underground is as 






Although the serious game Underground seems a useful addition to the arsenal of laparoscopic 
simulators in terms of its effectiveness, attractiveness, and flexibility in usage, we investigated in 
Chapter 4 whether surgical residents (departments of surgery, urology, and gynecology) would show 
increased voluntary training intensity in their curriculum. We hypothesized that by removing intrinsic 
barriers (by providing a fun and challenging serious game) and extrinsic barriers (less travel time, use 
at work-pauses, casual use), residents would spend more time on voluntary training with 
Underground compared to voluntary training with traditional simulators. We installed the serious 
game Underground in the residents’ offices at the above-mentioned departments. All residents were 
introduced to this new type of training where after we collected laparoscopic training data (time 
spent on training) for multiple training modalities: voluntary serious gaming (Underground), 
voluntary simulator training (FLS videotrainer and the LapSim VR trainer), and mandatory 
laparoscopic training courses during a year. Training times were compared to time spent on 
performing laparoscopic procedures in the OR. To contextualize these data, we collected the same 
laparoscopic training data for the prior year (before the introduction of Underground). Results 
showed that laparoscopic training times (both voluntary and mandatory) were very short compared 
to time spent on laparoscopic procedures. Voluntary training activities represented 3% of 
laparoscopic training activities which was similar in both years. We concluded that voluntary training 
is a minor part of the total volume of laparoscopic activities of residents and was not affected by the 
24/7 availability of a validated serious game, despite high appreciation by residents of this training 
modality. Based on our previous results we recommend to include Underground in the laparoscopic 
training curriculum. However, mandatory, competency-driven training courses remain needed to 
increase training volume. 
 
Performance feedback is relevant for the development of laparoscopic skills. Mostly expert-derived 
performance standards (expert standards) are used for feedback when training with laparoscopic 
simulators. Creating and updating these standards is labor-intensive and requires the regular 
availability of expert surgeons. In Chapter 5 we introduced peer-derived performance standards 
(peer standards) and compared these with expert-derived standards. A total of 100 participants 
participated in our study divided over three groups: a peer standards feedback group, an expert 
standards feedback group, and a control group. Performance on time and amount of errors for the 
FLS videotrainer tasks were compared between groups. No difference in performance between the 
feedback groups was found. However, compared to the control group, feedback groups were faster 
and made more errors. By demonstrating comparable results, we now have a welcome alternative 
for measuring performance in laparoscopic skills training. Peer standards can provide additional 
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benefit to the student in the form of a learning curve, showing different values for each session. 
Expert standards typically consist of a single value, which can only be represented as a horizontal bar. 
Peer performance-based learning curves provide the student with standards for both end goals and 
session goals, which means more context for assessment of learning. The observed performance 
trade-off in this study (more errors) may have occurred as a consequence of the type of feedback 
(feedback based on standards) used to contextualize the performances of our subjects, stirring a 
sense of competition that led to faster, but less careful task execution. As training for safe surgery is 
paramount these trade-offs should be further investigated. 
 
In Chapter 6 we elaborated on our results found in chapter 5 by investigating the impact of the 
personal trait ‘impulsiveness’ on laparoscopic simulator performance. Little is known about the 
relation between impulsiveness and surgical performance. Research in similar high-risk/high-skills 
sectors such as traffic and aviation shows that impulsive subjects show more hazardous behavior 
resulting in more damage and errors. Eighty-three subjects participated in a four-session 
laparoscopic training course in which they completed multiple tasks on the FLS videotrainer and the 
LapSim VR trainer. The Eysenck Impulsivity Inventory was used to measure impulsiveness. We 
defined a high- and a low impulsiveness group and compared task performances (duration and 
errors) between the two groups for both simulators. The low impulsiveness group outperformed the 
high impulsiveness group on damage on the LapSim virtual reality trainer, and showed a trend 
towards better error performance on the FLS videotrainer. We found no differences on task duration. 
It was concluded that being impulsive negatively affects performance in a simplified surgical 
simulation environment. More studies are needed to delineate the importance of impulsiveness for 
laparoscopic performance of surgeons with different experience levels in the OR. Suppose such 
studies corroborate our findings, the personality trait ‘impulsiveness’ may have implications for 
(individual) design and implementation of surgical training programs and perhaps even selection of 
surgical trainees. 
 
To further address individualized laparoscopic skills training we investigated whether differential 
feedback can direct performance for trainees of either high- or low impulsivity in Chapter 7. If 
confirmed, differential feedback would present an attractive strategy for implementing adaptive 
training. In adaptive training, performance variables such as ‘difficulty level’ are varied as a function 
of how well the trainee performs, to maximize learning, and to keep maintain the trainee’s 
motivation. Adaptive training has been proven effective in fields ranging from rehabilitation to X-ray 
screening and it could be used to install individualized training for surgical residents based on 





of known impulsiveness performed two series of tasks on the LapSim VR training. During one series 
of tasks, they received performance feedback on speed, and during the other series, they received 
feedback on damage control. Performance parameters (time and damage) were compared between 
the two series of tasks to explore if targeted performance feedback is effective in steering focus in 
training. Participants were significantly faster when given performance feedback for speed for all 
exercises in all sessions. Also, they performed significantly better on damage control when given 
performance feedback for damage in all tasks and during all sessions except for one. Performances 
were not affected by trainee impulsivity level. We concluded that targeted performance feedback 
steers focus in training, regardless of impulsivity level. We speculate from the results of this and the 
previous study that impulsivity and applying targeted performance feedback are meaningful 
modulators of training performance and may be used by trainers in adaptive laparoscopic simulation 
training. 
 
Besides differential and individualized performance feedback, structured and reliable methods to 
assess performance are still needed to monitor learning yield. Especially for more complex 
laparoscopic skills such as suturing, a specific and objective assessment method is missing. In Chapter 
8 we developed and evaluated a laparoscopic suturing competency assessment tool (LS-CAT) and 
assessed its inter-observer reliability. A competency assessment tool (CAT) is a method to assess 
laparoscopic performance, by describing specific steps in the process of a task and evaluates both the 
process of performance (instrument use, tissue handling, and committed errors) and the quality of 
the end product. The LS-CAT was developed through a structured, mixed methodology approach, 
supervised by a steering committee with experience in developing surgical assessment tools. A 
Delphi consultation including a dozen experts in laparoscopic surgery guided the development stages 
of the tool. Following this, subjects with different levels of laparoscopic expertise were included in a 
study to evaluate this tool, performing a simulated laparoscopic suturing exercise that involved 
placing of two surgical knots. A research assistant video recorded and anonymized each 
performance. Two blinded expert surgeons assessed the videos using the LS-CAT. The LS-CAT scores 
of the two experts were compared to assess the inter-observer reliability. Also, the subjects’ LS-CAT 
performance scores at the beginning were compared with those at the end of the exercise on the 
videos. Thirty-six complete videos were analyzed and evaluated with the LS-CAT, of which the 
Cohen’s Kappa analysis revealed good to excellent inter-rater agreement scores for almost all tasks 
of instrument handling and tissue handling (0.87; 0.77; 0.75; 0.86; 0.85, all p < 0.001). Also, subjects 
performed significantly better at the end of the exercise compared to the beginning for all LS-CAT 
items. The LS-CAT holds promise as an assessment tool for complex laparoscopic skills training. Yet 
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this tool needs further validation studies prior to general application in laparoscopic skills simulation 
training. 
 
In Chapter 9, we discussed the main findings of this thesis and the potential impact of our studies on 
clinical practice. We presented thoughts for future research on adapted laparoscopic skills training by 
implementation of serious gaming, attention to individual differences in training and performance 











Chirurgisch onderwijs en chirurgische vaardigheidstraining veranderen als gevolg van de introductie 
van nieuwe technologieën, methoden en inzichten in het onderwijs. Het gebruik van 
computertechnologie voor medisch onderwijs en vaardigheidstraining neemt toe met modaliteiten 
zoals e-learning, apps, gamification en game-based learning. In tegenstelling tot traditionele 
onderwijsmethoden kunnen deze modaliteiten real-time prestatiegegevens verzamelen waarbij die 
gegevens worden gebruikt om het leren en opleiden interactief en adaptief te maken. Ook kunnen 
studenten met behulp van deze gegevens objectieve en directe feedback ontvangen op de eigen 
trainingsprestaties. Wat betreft laparoscopische vaardigheidstraining schieten de huidige 
laparoscopie simulatoren hierin te kort. 
 
Laparoscopie brengt verschillende uitdagingen met zich mee, waaronder een tweedimensionaal 
gezichtsveld met een verlies van diepteperceptie, verminderd zicht veroorzaakt door factoren zoals 
irrigatie of intra-abdominale rook, verminderde hand-oog coördinatie, toegenomen ruimtelijke 
complexiteit door het werken over een kantelpunt en tegen-intuïtieve cameraposities, beperkte 
haptische feedback en een beperkt werkgebied. Dit alles draagt bij tot de technische complexiteit 
van laparoscopische chirurgie. Vanwege deze technische complexiteit is uitgebreide 
(simulatie)training nodig om bekwaam te worden voordat laparoscopische chirurgie in de 
operatiekamer veilig kan worden uitgevoerd. Arts-assistenten vinden het echter moeilijk om 
laparoscopie regelmatig en met voldoende tijdsinvestering te trainen. Dit komt onder andere 
doordat dit binnen de opleiding niet verplicht is, de werkweek korter is als gevolg van de regelgeving 
waarmee praktijkleren prioritiet heeft, en het skillslab vaak relatief ver van de reguliere werkplek is 
verwijderd. Hierdoor oefenen de meeste arts-assistenten slechts een paar keer op de beschikbare 
simulatoren en doorlopen ze na het volgen van één verplichte basiscursus laparoscopie hun 
leercurve door te oefenen op patiënten wat ten koste kan gaan van de patiëntveiligheid. Daarnaast 
wordt er op de simulatoren voornamelijk gebruik gemaakt van standaard trainingsprogramma’s 
waarbij geen rekening gehouden wordt met individuele verschillen. Het is bijvoorbeeld bekend dat 
de training effectiever is als de moeilijkheidsgraad van de training wordt aangepast aan het niveau 
van de trainee. Training waarbij de inhoud wordt aangepast aan de leerbehoefte wordt ook wel 
adaptieve training genoemd. Dit geeft de trainee een gepersonaliseerde leerervaring, draagt bij aan 
het identificeren en verbeteren van zwakke punten en stelt supervisoren in staat een beter inzicht te 
verkrijgen in de capaciteiten van de trainee. Indien deze vorm van training effectief blijkt voor 







Om laparoscopische vaardigheidstraining aantrekkelijker te maken ten behoeve van een grotere 
trainingsfrequentie en om laparoscopische vaardigheidstraining beter op maat aan te kunnen bieden 
aan student en arts-assistent, onderzochten we in dit proefschrift de toepassing van serious gaming 
en adaptieve training op de prestaties in deze training. Daarnaast onderzochten we de rol van 
persoonlijkheidseigenschappen hierbij.  
 
In Hoofdstuk 2 onderzochten we de waarde van serious gaming als laparoscopische 
vaardigheidstraining methode door de ‘concurrent validity’  van de serious game ‘Underground’ te 
beoordelen. In een laparoscopische basisvaardigheidstraining die bestond uit vier sessies werden in 
totaal 107 masterstudenten geneeskunde ingedeeld in de serious game (Underground) groep of de 
controlegroep. De controlegroep trainde op de FLS videotrainer en de LapSim virtual reality (VR) 
simulator gedurende vier sessies. De Underground groep speelde drie sessies Underground gevolgd 
door een transfer sessie op de FLS videotrainer en de LapSim VR simulator. Om het effect van het 
spelen van Underground op de prestaties op twee gevalideerde laparoscopische simulatoren te 
beoordelen, werden de begin prestaties op de FLS videotrainer en de LapSim VR simulator 
vergeleken tussen de controlegroep (eerste sessie) en de Underground groep (vierde sessie na 3 
sessies Underground). De Underground groep presteerde significant beter dan de controlegroep 
voor alle taken op de LapSim VR simulator. Er werd een middelmatige correlatie gevonden tussen de 
Underground prestaties en de FLS videotrainer prestaties. Door het aantonen van de overdracht van 
vaardigheden tussen de serious game en een gevalideerde laparoscopie simulator, verwachtten wij 
dat serious gaming een kosteneffectieve aanvulling kan worden op het bestaande arsenaal van 
laparoscopie simulatoren.  
 
Naar aanleiding van de voorgaande resultaten zijn we verdergegaan met de beoordeling van de 
‘construct validity’ voor de serious game Underground in Hoofdstuk 3. In totaal namen 120 personen 
deel aan deze studie. Op basis van de door hen zelf gerapporteerde laparoscopie ervaring hebben we 
de deelnemers in drie groepen verdeeld: beginners (n=65), minder dan 10 laparoscopische 
procedures (meerderheid coassistenten en arts-assistenten niet in opleiding tot chirurg (ANIOS)), 
gemiddeld ervaren (n=26), tussen de 10 en 100 laparoscopische procedures (meerderheid arts in 
opleiding tot chirurg (AIOS)) en experts (n=20), meer dan 100 laparoscopische procedures 
(laparoscopisch chirurgen). De prestaties van deze groepen op de serious game Underground werden 
met elkaar vergeleken en gecorrigeerd voor geslacht en video game ervaring. De snelheid waarmee 
de taken werd voltooid verschilde niet tussen de experts en de gemiddeld ervaren deelnemers, maar 
was van beide groepen hoger vergeleken met beginners. Een soortgelijke trend werd gezien voor het 





ervaring. Zowel het geslacht (in het voordeel van mannen) als de video game ervaring (in het 
voordeel van deelnemers met meer ervaring) waren van invloed op de tijdsduur. In aanvulling op 
voorgaande studies die ‘face validity’, ‘concurrent validity’ en partiële ‘construct validity’ hadden 
vastgesteld, droegen de resultaten van deze studie bij aan een goede ‘construct validity’ van de 
serious game Underground. De uitkomsten ondersteunen in de effectiviteit van de serious game 
Underground in vergelijking met veelgebruikte simulatoren voor laparoscopische 
vaardigheidsontwikkeling. 
 
Omdat de serious game Underground een nuttige toevoeging lijkt aan het arsenaal van laparoscopie 
simulatoren wat betreft de effectiviteit, aantrekkelijkheid en flexibiliteit in gebruik, hebben we in 
Hoofdstuk 4 onderzocht of arts-assistenten van de afdelingen heelkunde, urologie en gynaecologie 
ook meer spontaan zouden gaan trainen met Underground. Onze hypothese was dat door het 
wegnemen van intrinsieke barrières (het aanbieden van een leuke en uitdagende serious game) en 
extrinsieke barrières (locatie dicht bij de werkplek en mogelijkheid tot laagdrempelig, informeel 
gebruik), arts-assistenten meer tijd zouden besteden aan spontaan trainen met Underground in 
vergelijking met traditionele simulatoren. We installeerden de serious game Underground in de 
assistentenkamers van de arts-assistenten op de bovengenoemde afdelingen. Alle arts-assistenten 
werden eerst geïntroduceerd in deze nieuwe vorm van trainen waarna we gedurende een jaar data 
verzamelden van trainingsactiviteiten op de serious game Underground, de FLS videotrainer en 
LapSim VR simulator, en tijdens de verplichte laparoscopie trainingscursussen. De hoeveelheid 
trainingsuren werden vergeleken met de uren besteed aan het uitvoeren van laparoscopische 
procedures in de operatiekamer. Om deze data te contextualiseren verzamelden we dezelfde 
laparoscopische trainingsdata van het voorafgaande jaar dus vóór de introductie van Underground. 
Uit de resultaten bleek dat de trainingsduur (zowel spontaan als verplicht) zeer kort was in 
vergelijking met de tijd die werd besteed aan laparoscopische procedures in de operatiekamer. 
Spontaan trainen was slechts 3% van alle laparoscopie activiteiten, wat in beide jaren vergelijkbaar 
was. Wij concludeerden dat spontaan trainen maar een klein deel uitmaakt van het totaal aan 
laparoscopische trainingsactiviteiten van arts-assistenten ondanks de hoge waardering van arts-
assistenten en de 24/7 beschikbaarheid van Underground. Op basis van deze resultaten en die uit 
voorgaande hoofdstukken, bevalen wij aan om Underground op te nemen in het verplichte chirurgie 
curriculum voor laparoscopische vaardigheidstraining. 
 
Feedback op de prestatie(s) tijdens de training is relevant voor de ontwikkeling van laparoscopische 
vaardigheden. Meestal worden feedbacknormen gebruikt die zijn afgeleid van de prestaties van 





arbeidsintensief en vereist de regelmatige beschikbaarheid van chirurgen. In Hoofdstuk 5 
introduceerden we normen afgeleid van de prestaties van studenten met een gelijk ervaringsniveau, 
zogenaamde ‘peer-normen’, en vergeleken we deze met ‘expert-normen’. In totaal namen 100 
deelnemers deel aan onze studie, verdeeld over drie groepen: een peer-norm feedbackgroep, een 
expert-norm feedbackgroep en een controlegroep (groep zonder feedback). Prestaties op tijdsduur 
en het aantal fouten voor de FLS videotrainer taken werden vergeleken tussen de groepen. Er werd 
geen verschil in prestaties gevonden tussen beide feedbackgroepen maar in vergelijking met de 
controlegroep waren beide groepen sneller en maakten ze meer fouten. Op basis van vergelijkbare 
prestaties van de feedbackgroepen concludeerden we dat gebruik van peer-normen een goed 
alternatief is om prestaties tijdens laparoscopische vaardigheidstraining te beoordelen. Peer-normen 
kunnen de trainee extra voordeel bieden in de vorm van een leercurve die voor elke sessie andere 
waarden laat zien. Expert-normen bestaan uit een enkele waarde die alleen kan worden 
weergegeven als een horizontale balk. Leercurven op basis van peer-normen bieden de trainee 
normen voor zowel het einddoel als een sessiedoel. Dit biedt meer context voor de beoordeling van 
de eigen prestaties. In deze studie presteerden de deelnemers in beide feedbackgroepen sneller 
maar ten koste van meer fouten in vergelijking met de controlegroep. Wij denken dat dit mogelijk 
kan worden verklaard door het type feedback (prestatienormen) dat werd gebruikt om de prestaties 
van onze deelnemers te contextualiseren. Hierdoor is waarschijnlijk een gevoel van competitie 
ontstaan dat leidde tot snellere maar minder zorgvuldige taakuitvoering. Omdat we vonden dat 
training voor veiligheid (damage control) van het grootste belang is voor het veilig uitvoeren van een 
laparoscopische ingreep, bereidden we een nieuwe studie voor om de ‘trade-off’ tussen snelheid en 
het aantal fouten verder te onderzoeken. 
 
In Hoofdstuk 6 onderzochten we hoe de persoonlijkheidseigenschap 'impulsiviteit' prestaties op de 
laparoscopie simulatoren beïnvloedt, in de zin van snelheid en fouten maken. Er is weinig bekend 
over de relatie tussen impulsiviteit en chirurgische prestaties. Onderzoek in vergelijkbare hoog-risico 
beroepen zoals in het verkeer en de luchtvaart laat zien dat impulsieve deelnemers gevaarlijker 
gedrag vertonen met meer schade en fouten tot gevolg. Drieëntachtig proefpersonen namen deel 
aan een laparoscopie training bestaande uit vier sessies waarin zij meerdere taken uitvoerden op de 
FLS videotrainer en de LapSim VR simulator. Van te voren werd de ‘Eysenck Impulsivity Inventory’ 
afgenomen om impulsiviteit te meten. We definieerden een hoge en een lage impulsiviteit groep en 
vergeleken prestaties (snelheid en fouten) op verschillende taken tussen de twee groepen op beide 
simulatoren. De laag-impulsieve deelnemers veroorzaakten minder schade dan de hoog-impulsieve 
deelnemers op de LapSim VR simulator en vertoonde een trend naar minder fouten op de FLS 





een negatieve invloed te hebben op de prestaties in een vereenvoudigde chirurgische 
simulatieomgeving. We concludeerden ook dat meer studies nodig zijn voordat we deze resultaten 
kunnen extrapoleren naar de prestaties van ervaren chirurgen in de praktijksituatie. Indien deze 
studies onze bevindingen bevestigen, dan zou de persoonlijkheidseigenschap 'impulsiviteit' 
meegenomen moeten worden bij het persoonsgerichte ontwerpen en uitvoeren van chirurgische 
trainingsprogramma's. 
 
Om verder in te gaan op gepersonaliseerde laparoscopische vaardigheidstraining onderzochten we in 
Hoofdstuk 7 of aangepaste feedback de prestaties kan sturen voor deelnemers die laag- of hoog-
impulsief zijn. Indien dit wordt aangetoond zou op de persoonlijkheid aangepaste feedback een 
aantrekkelijke strategie zijn om laparoscopische training meer adaptief te maken. Tijdens adaptieve 
training worden prestatievariabelen zoals 'moeilijkheidsgraad' gevarieerd op basis van de prestaties 
om het leren te maximaliseren en de motivatie vast te houden. Omdat adaptieve training al effectief 
is gebleken in militaire medische vaardigheidstraining om personeel met verschillende 
ervaringsniveaus effectief op te leiden, hadden wij de hypothese dat dit ook zou gelden voor 
adaptieve laparoscopische vaardigheidstraining en dat dit zou worden gemoduleerd door 
impulsiviteit. Tijdens een laparoscopie training bestaande uit vier sessies voerden 83 laag- en hoog-
impulsieve deelnemers twee series taken uit op de LapSim VR simulator. Tijdens de ene serie taken 
kregen ze feedback over de snelheid van de prestatie en tijdens de andere serie kregen ze feedback 
over de mate van schadebeheersing. Prestatieparameters (snelheid en schade) werden vergeleken 
tussen de twee takenseries om te onderzoeken of gerichte feedback op de prestatie effectief is in het 
sturen van de focus in de training. Deelnemers waren significant sneller wanneer ze feedback kregen 
op snelheid voor alle taken in alle sessies. Ook presteerden ze significant beter op de mate van 
schadebeheersing wanneer ze hierover feedback kregen voor alle taken in alle sessies behoudens 
één taak (Lifting & Grasping) tijdens de eerste sessie. De prestaties werden echter niet beïnvloed 
door het impulsiviteitsniveau van de deelnemers. We concludeerden dat gerichte feedback op de 
uitvoering de focus tijdens de training stuurt ongeacht het impulsiviteitsniveau. Op basis van de 
resultaten uit hoofdstuk 6 en 7 deden we de aanbeveling om impulsiviteit en gerichte feedback te 
betrekken bij het opzetten van adaptieve laparoscopische vaardigheidstraining en de beoordeling 
van prestaties. 
 
Naast gerichte en geïndividualiseerde feedback is er ook een noodzaak tot het ontwikkelen van 
gestructureerde en betrouwbare methoden om de prestaties en het leerrendement te beoordelen. 
Vooral voor de complexe laparoscopische vaardigheden, zoals laparoscopisch hechten, ontbreekt 





suturing competency assessment tool’ (LS-CAT) - een toetsingsmethode voor laparoscopisch hechten 
- ontwikkeld, geëvalueerd en de overeenstemming tussen beoordelaars hiervan beoordeeld. Een 
‘competency assessment tool’ (CAT) is een methode om prestaties te beoordelen door specifieke 
stappen in de uitvoering van een taak te beschrijven. Een CAT evalueert zowel het proces van de 
uitvoering (instrumentgebruik, hantering van het weefsel en de gemaakte fouten) als de kwaliteit 
van het eindresultaat. De LS-CAT werd ontwikkeld door middel van een gestructureerde ‘mixed 
methods’ aanpak, onder toezicht van een werkgroep bestaande uit chirurgen met ervaring in het 
ontwikkelen van chirurgische toetsingsmethoden. Met de Delphi-methode, waar twaalf 
laparoscopische deskundigen in participeerden, werd stap voor stap de LS-CAT ontwikkeld. Hierbij 
werd, op basis van consensus, de taak ‘laparoscopisch hechten’ geconstrueerd in een reeks stappen 
waarop de trainee beoordeeld wordt, zoals afgeleid van het originele CAT model. Vervolgens werd 
aan deelnemers met verschillende ervaringsniveaus in laparoscopie gevraagd om een laparoscopisch 
hechtoefening te verrichten. In deze oefening moesten twee chirurgische knopen worden gemaakt 
waarop de LS-CAT werd gevalideerd. Een onderzoeksassistent maakte video-opnames en 
anonimiseerde elke uitvoering. Twee ervaren chirurgen beoordeelden de video's met behulp van de 
LS-CAT. De LS-CAT scores van de twee experts werden met elkaar vergeleken. Ook werden de LS-CAT 
scores van de deelnemers aan het begin van de oefening vergeleken met die aan het eind van de 
oefening op de video's. Zesendertig volledige video's werden geanalyseerd en geëvalueerd met de 
LS-CAT, waarvan de Cohen's Kappa analyse een goede tot uitstekende overeenstemming liet zien 
voor bijna alle taken voor zowel instrumentgebruik als hantering van het weefsel (scores 0.87; 0.77; 
0.75; 0.86; 0.85, allen p < 0.001). Ook presteerden de deelnemers significant beter aan het eind van 
de oefening in vergelijking met het begin voor alle LS-CAT onderdelen. We concludeerden dat de LS-
CAT een veelbelovend toetsingsinstrument is voor gebruik in complexe laparoscopische 
vaardigheidstraining.  
 
In Hoofdstuk 9 bespraken we de belangrijkste bevindingen van dit proefschrift en de mogelijke 
impact van onze studies op de klinische praktijk. Daarnaast bespraken we enkele ideeën voor 
toekomstig onderzoek naar adaptieve laparoscopische vaardigheidstraining door implementatie van 
serious gaming, aandacht voor individuele verschillen in training, individualisatie van feedback en 
















Met veel plezier heb ik in de afgelopen jaren aan mijn proefschrift gewerkt. Dat komt mede door de 
mensen die mij hierbij hebben geholpen, bewust of onbewust, in meer of mindere mate, en daar ben 
ik hen bijzonder dankbaar voor. 
 
Beste Harry, ontzettend bedankt voor al het vertrouwen! Ik weet nog goed dat ik, nadat ik mijn 
wetenschappelijke stage had afgerond, bij jou kwam om een promotietraject te bespreken. Jij nam 
hiervoor de tijd met mij en nadien hebben we samen met ons onderzoeksteam de verschillende 
studies bedacht, opgezet en uitgevoerd. Jij hield alles goed in de gaten, was kritisch maar vooral ook 
creatief en dit alles bewonder ik enorm. Ik vond het ontzettend leuk om ons werk op verschillende 
congressen, zowel in binnen- als buitenland, te presenteren. Buiten het onderzoek om liet je me 
deelnemen aan verschillende activiteiten en cursussen om mij verder te ontwikkelen. Jij wist dat ik 
chirurg wilde worden en dacht mee hoe we dit voor elkaar konden krijgen. En kijk waar ik nu sta, het 
promotietraject ronden we af en ik ben begonnen met de opleiding! Harry, ontzettend bedankt voor 
al het moois in de afgelopen jaren. 
 
Beste Jan-Maarten, Ik ben jou enorm dankbaar voor al jouw hulp tijdens het onderzoek. Altijd kwam 
je met nieuwe ideeën voor volgend onderzoek, wist je mij te helpen met de verschillende data 
analyses en door alle grammaticale verbeteringen heb je mij ook taalkundig veel geleerd. Ik sta 
versteld van jouw creativiteit als het gaat om schrijven, de 3D ontwerpen die je maakt en het is ook 
zeker terug te zien in de verschillende experimenten/hobby’s die je thuis uitvoert. Als wij het 
antwoord op een vraag niet wisten dan konden we altijd bij slijmzwam Andi terecht. We hebben veel 
gelachen en dat komt mede door jouw (droge) humor. Ik heb erg genoten van onze samenwerking 
en ik hoop dan ook dat deze nog lang niet voorbij zal zijn. Bedankt voor deze mooie tijd! 
 
Beste Camiel, bedankt dat je ons onderzoeksteam hebt versterkt. Ik stond er altijd van te kijken hoe 
snel jij weer een manuscript in detail had bekeken. Jouw verfijnde aanpassingen aan de tekst zonder 
de boodschap te veranderen en jouw kritische blik heeft voor een aanzienlijke verbetering van de 
artikelen gezorgd. Nu ik begonnen ben aan de opleiding kijk ik er naar uit om samen, als ik begin in 






Beste leden van de manuscriptcommissie, prof. Fluit, dr. Nieboer en prof. Consten, hartelijk dank 
voor uw tijd en uw kritische beoordeling van dit proefschrift. De overige leden van de commissie wil 
ik bedanken voor het deelnemen aan de oppositie. Ik kijk uit naar de verdediging. 
 
Alle chirurgen, urologen, gynaecologen, A(N)IOS heelkunde, AIOS urologie, AIOS gynaecologie, en 
coassistenten, bedankt voor jullie participatie aan de verschillende studies. Zonder jullie deelname 
was dit proefschrift niet tot stand gekomen. 
 
Dank aan alle medewerkers van het skillslab die mij altijd weer hielpen als ik iets nodig had, voor de 
gezellige praatjes tussendoor of voor de momenten waarop jullie de deelnemers/cursisten alvast op 
weg hielpen als ik nog niet aanwezig was. Daarnaast waardeer ik de interesse die jullie altijd toonden 
in al onze bezigheden. 
 
Bas, bedankt voor de mooie tijd die we samen hebben besteed aan onderzoek in het skillslab en op 
het secretariaat. Er komt een dag waarop ik jouw record op de LapSim verbreek… Veel succes met de 
opleiding en met het afronden van jouw proefschrift. 
 
Ik wil alle coauteurs bedanken voor hun bijdrage en kritische blik op de verschillende manuscripten. 
 
Mede PhD-islanders, het was heerlijk vertoeven op ons mooie eiland en terugdenkend aan deze tijd 
krijg ik weer een brede lach op mijn gezicht. De spontane borrels in de middag, etentjes, waterskiën 
(tot aan de eerste bocht), squash, fitness, wielrennen, wintersport, ik heb er ontzettend van 
genoten! Bedankt voor de vele gezellige momenten, interesse en hulp tijdens het promotietraject! 
 
Beste Yassin, Broer, jij staat altijd voor een ander klaar. Wel op schappelijke tijden, maar je bent er. 
Je hebt humor, bent gezellig en je weet wat lekker eten is. Deze combinatie maakt jou een zeer fijn 
persoon en ik ben dan ook erg blij dat jij als paranimf naast mij staat. 
 
Beste Joost, jouw droge humor is top en ik heb dan ook veel om en met jou gelachen. De frustraties 
liepen echter hoog op bij elk potje squash, altijd wist je toch weer die onmogelijke bal terug te 
spelen. Helaas moet ik je nu missen in onze regio maar ik weet ook zeker dat je in het zuiden een 
goede chirurg zal worden. Bedankt dat jij mijn paranimf wilde zijn! 
 
Beste stafleden en arts-assistenten uit het Rijnstate Ziekenhuis. Bedankt voor de fantastische start 





natuurlijk ook voor de vele gezellige momenten samen, zowel binnen als buiten het Rijnstate 
Ziekenhuis. 
 
Dampend. Bart, Camiel, Hugo, Jeroen, Kars, Laurens, Lisa, Maarten, Michel, Raf, Rick, Sophie en Tom, 
hadden jullie ooit gedacht dat dit allemaal zou lukken? Het heeft even geduurd maar dan heb je ook 
wat. Vooral bedankt voor alle gezellige momenten: de avonden bij elkaar, het stappen in de stad, 
borrels, festivals, eten in de Gouden Kom te Made (aanrader), het sporten en nog veel meer. 
Hoogtepunt was natuurlijk wel onze voetbalcarrière bij FCCC. Dank allen, ik geniet er nog steeds van. 
 
Beste Maarten en Kars, zonder jullie was dit proefschrift waarschijnlijk sneller klaar geweest. Bedankt 
voor de vele gezellige avonden, met of zonder ovenschotel. De avonden waarop Suzanne aansloot 
waren onvergetelijk, of niet Kars? Op naar nog veel meer van deze avonden. 
 
Vrienden uit Enschede, Bart, Grobben, Heidstra, Jier, Leon, PB, Ricky, Rico, Pim, Robin, Thomas en 
Vera, een prachtige groep mensen bij elkaar. Ik vind het mooi om te zien dat iedereen zijn plek heeft 
gevonden en telkens weer stappen vooruit maakt. Iets om als groep trots op te zijn! Ik waardeer de 
interesse die jullie altijd tonen en ik wil jullie bedanken voor de gezellige weekendjes weg, festivals, 
O&N, het stappen en nog veel meer.  
 
G8-mannen, helaas lukt het mij niet om er altijd meer bij te zijn. Wellicht komt daar na het afronden 
van deze periode verandering in. Dat betekent natuurlijk niet dat ik jullie niet/minder dankbaar ben! 
Ontzettend bedankt voor alle mooie herinneringen, interessante vakantie foto’s, en alle eindeloze 
voetbalverslagen over de app. Ik kijk uit naar ons volgende biertje samen. 
 
Lieve Oma’s, dank voor de eindeloze liefde en interesse. Ik hou van jullie. 
Lieve Opa’s, ik weet hoe trots en enthousiast jullie zijn en daar haal ik veel energie uit. Ik mis jullie. 
 
Lieve pap en mam, ontzettend bedankt voor jullie onvoorwaardelijke steun, vertrouwen en liefde. 
Zoals altijd bieden jullie een luisterend oor, denken jullie mee en zijn jullie altijd bereid om mij te 
helpen. Ik zeg het te weinig, maar ik ben ontzettend blij met jullie. Bedank voor alles, ik hou van 
jullie! 
 
Koen, bedankt voor al je positieve berichtjes maar nog leuker vind ik alle filmpjes en gifjes over de 
app. Dit heeft mij meermaals laten lachen net zoals de droge humor van jou. Het is mooi om te zien 





Lieve Marije, wat ben ik ontzettend blij met jou. Je laat me altijd lachen, we maken van alles iets te 
vieren met een goed diner, en je weet me scherp te houden. Dit alles geeft me veel energie en daar 
ben ik je dankbaar voor. We weten allebei dat onderzoek doen veel tijd kan kosten en ook wel eens 
tegenslagen met zich meebrengt. Ik vind het des te mooier hoe we hier telkens beter uitkomen. 
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Research data management 
All studies in this thesis were performed in accordance with the ethical standards of the Helsinki 
declaration of 1964 and local ethical standards. Informed consent was received from the participants 
before inclusion in the studies. Data obtained during the construction of this thesis was archived 
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respective studies at the department server of the Radboudumc, with restrictive access. Using the 
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who contributed to the relevant datasets. The datasets analyzed during these studies are available 
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